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CHAPTER 1 
INTRODUCTION 
The a c i d i c constituents of petroleum are c a l l e d naph-
thenic a c i d s . The basic process for the i s o l a t i o n of these 
acids from petroleum involves extraction of the o i l with an 
a l k a l i and a c i d i f i c a t i o n of the aqueous extract with a mineral 
acid to l i b e r a t e the organic acids. This product contains not 
only carboxyllc acids, but also s i g n i f i c a n t amounts of phenols 
and hydrocarbons. The name "naphthenic acids" was suggested 
long ago by Markownikoff ( 2 ) , because the early investigation 
of these acids indicated that they are a mixture of a l i c y c l i c 
a c i d s . Subsequent work showed that these acids do not con-
s i s t e n t i r e l y of a l i c y c l i c acids but also contain s t r a i g h t -
chain and branched-chain acids, yet the name naphthenic acids 
i s s t i l l i n use for the t o t a l a c i d i c constituents of petroleum 
The t o t a l a c i d i t y of crude o i l varies from one f i e l d 
to another. Por exeunple, a c i d i t i e s as low as 0.03% have been 
reported f o r some crudes (Iraky o i l ) and as high as 3% for 
others (Southern C a l i f o r n i a o i l ) . However, Schmitz (3) r e -
ported a very i n t e r e s t i n g observation. He found that although 
the a c i d i t y of crude o i l s v a r i es from one o i l to the other, 
most of them have negligible amounts of acid i n the gasoline 
and the heavy l u b r i c a t i n g o i l f r a c t i o n s ; the high concentra-
t i o n of the acids occurs i n the kerosene and i n the middle 
d i s t i l l a t e f r a c t i o n s . Por t h i s reason, commercial naphthenic 
acids are not obtained d i r e c t l y from the crude o i l but more 
p r o f i t a b l y from the f r a c t i o n s which have high concentrations 
of the a c i d s . 
The production of large amoxints of naphthenic acids 
commercially has made i t possible for them to be u t i l i z e d f o r 
many i n d u s t r i a l purposes. They are nearly always used i n the 
form of t h e i r metallic s a l t s . For example, lead, manganese, 
cobalt, zinc, and iron s a l t s of naphthenic acids are widely 
used as d r i e r s . A l k a l i naphthenates are used as both emulsi-
fying and demulsifying agents. Copper naphthenates are used 
as fungicides and i n s e c t i c i d e s , and eire u t i l i z e d to protect 
wood and t e x t i l e s against cellulose-destroying fungi and 
termites. 
The f i r s t research on the nature of petroleum acids 
was reported by Hell and Hedinger i n 1874 ( 4 ) . These i n v e s t i -
gators proposed that these acids belonged lar g e l y to a single 
homologous s e r i e s , but complained that conclusive r e s u l t s 
could not be obtained because the acids could not be converted 
to c r y s t a l l i n e derivatives which could be p u r i f i e d by rec r y s -
t a l l i z a t i o n and analyzed. They also concluded that naphthenic 
acids are a l i c y c l i c carboxy3.ic acids. Although subsequent r e -
search on naphthenic acids has been pixrsued by outstanding 
organic chemists (of whom we may c i t e Aschan, Markownikoff, 
Zelinsky and Von Braun) no single individual component of 
these acids was i s o l a t e d i n pure condition u n t i l r e l a t i v e l y 
r ecently. This was, i n part, due to the fact that the i s o l a -
t i o n techniques known i i n t i l r e cently ( f r a c t i o n a l d i s t i l l a t i o n 
and f r a c t i o n a l c r y s t a l l i z a t i o n ) were c e r t a i n l y inadequate for 
separating such a complex mixtvire; i n part, to f a i l u r e to 
combine different physical and chemical methods of separation; 
and, i n part, to the f a c t that the e a r l i e r workers were able 
to get only the commercial naphthenic acids which consist 
mainly of compounds with more than ten carbon atoms and so 
represent a much more complex mixture than do the f i r s t 
members of the s e r i e s . 
Most of the early workers did not recognize the advan-
tage of working with the lower members of the s e r i e s , or else 
were unable to secure such f r a c t i o n s . Aschan appears to have 
been the only one of the e a r l y investigators to u t i l i z e t h i s 
advantagis. However, he was unsuccessful i n h i s attempt to 
separate ^'p^i2^2 compare i t with a synthetic sample of 
hexahydrobenzoic acid. More recently, Chichibabin (5) t r i e d 
to separate the same acid and he succeeded i n i s o l a t i n g a., 
f r a c t i o n which yielded benzoic acid on dehydrogenation of i t s 
methyl e s t e r by Zelinsky's method. Nenitzescu and coworkers 
(6) reported what i s considered to be the f i r s t i s o l a t i o n of 
a pure naphthenic acid. They succeeded i n separating three 
acids (cyclopentanecarboxylic acid, 3-methylbutanoic acid and 
4-methylpentanoic acid) v i a c a r e f u l d i s t i l l a t i o n of the acids 
and the e s t e r s , followed by f r a c t i o n a l amide formation. 
The most recent investigation, p r i o r to t h i s work, has 
been c a r r i e d out by H. Lochte et a l . (7,8,9>10) at the Univer-
s i t y of Texas. These investigators also studied the lower 
members of the s e r i e s (the acids obtained from straight-run 
gasoline and kerosene f r a c t i o n s ) . By c a r e f u l f r a c t i o n a l d i s -
t i l l a t i o n of the acids and t h e i r methyl e s t e r s , followed by 
f r a c t i o n a l n e u t r a l i z a t i o n and c r y s t a l l i z a t i o n of s o l i d deriva-
t i v e s , they were able to i s o l a t e several low molecular weight 
acids of ten carbon atoms or l e s s . I n f a c t , only two acids 
with ten carbon atoms ( c i s - and trans-2,2,6-trimethylcyclo-
hexanecarboxylic acid) have been isolated by these i n v e s t i -
gators. These two acids are very hindered, and f a i l e d to form 
methyl esters on treatment with methanol and hydrochloric acid 
under reflux for 24 hours. They were obtained as so l i d s when 
the acids remaining aft e r e s t e r i f i c a t i o n were d i s t i l l e d . 
The only other acid with ten carbon atoms reported i n 
the l i t e r a t u r e i s a C ^ Q acid claimed to have been is o l a t e d by 
Vou Braun (11). He reported that t h i s acid i s present i n 
petroleums coming from such widespread sources as Rumania, 
Russia, Poland, G a l i c i a , C a l i f o r n i a , Texas, Vtmezuela, 
Nienhagen and Japan. Although Von Braun stated that t h i s acid 
constituted the major portion of the ten-carbon acids present 
i n Rumanian o i l , he was iinable to separate i t i n a pure state 
by the r e l a t i v e l y crude f r a c t i o n a l d i s t i l l a t i o n technique then 
a v a i l a b l e . F i n a l l y , he resorted to degradation of the a c i d i c 
side chain i n an effort to remove the impurities as well as to 
aid i n determining the structure. He converted the acid to a 
Cg amine by the Schmidt hydrazoic acid degradation method. 
This amine was found to be a t y p i c a l primary non-aromatic amine 
He then converted t h i s amine by Hofmann degradation to an 
alkene, which on ozonolysis gave a mixture of acids and ketones 
The ketonic f r a c t i o n was separated from the acids and converted 
to i t s semicarbazone derivative which was r e c r y s t a l l i z e d u n t i l 
a narrow range of melting was obtained. Hydrolysis of the 
semicarbazone gave a CgHj^ O^ ketone which he considered s u f f i -
c i e n t l y pxire to be subjected to structixre determination. 
Von Braun concluded that t h i s ketone contains two a-
methylene groups because i t could form a di-p-nitrobenzylidene 
d e r i v a t i v e . He also excluded the p o s s i b i l i t y of cyclopentyl-
acetone because the ketone f a i l e d to give a positive iodoform 
t e s t . The structure of the ketone was r e s t r i c t e d to c e r t a i n 
types: a cyclopentanone alkylated at the 3- or 3,4-positions; 
a cyclohexanone having an ethyl group i n the 3- or 4-position, 
or two methyl groups i n the 3-, 4-, 3»4-, or 3,5-positions. 
Von Braun eliminated a l l these p o s s i b i l i t i e s except 3 i 3,4-tri-
methylcyclopentanone by d i r e c t comparison of the properties of 
hi s ketone with synthetic or known saimples of the other possible 
ketones. He was unable to synthesize t h i s p a r t i c u l a r ketone, 
but he degraded the natural product and got what he believed to 
be a mixture of 2,2,3-trimethylglutaric acid and 2 , 3 i 3-tri-
methylglutaric acid. Modern work leaves l i t t l e doubt that Von 
Braun was dealing with extensive mixtures at a l l stages. 
The structure assigned to the Von Braun ketone remained 
xinchallenged u n t i l 19^0, when Buchman and-Sargent (12 ,13) , and 
l a t e r Baumgarten (14), reported the synthesis of 3 , 3,4-tri-
methylcyclopentanone by several separate and d i s t i n c t routes. 
This same ketone was also reported by Rur.icka and Seidel (15i 
16), and by Mukherji (17). A l l these investigators, except 
Mukherji, reported similair properties f or the ketone which 
were d i f f e r e n t from those of the Von Braun ketone. Por t h i s 
reason, H. Lochte aind cov/orkers (18,19) concluded that the Von 
Braun assignment was incorrect .-and re-investigated the problem. 
After an unsuccessful t r i a l to again separate from C a l i f o r n i a 
petroleum an acid with the properties reported by Von Braun, 
they assigned another structure to the ketone on the b a s i s of 
the data reported by Von Braun. They pointed out that, i n 
s p i t e of the f a c t t h a t Von Braun was aware of the p o s s i b i l i t y 
of geometric isomerism i n some of the ketones xmder c o n s i d e r a -
t i o n , he d i d not i n c l u d e a l l the p o s s i b l e geometrical isomers 
among the ketones he used f o r comparison. Three of these 
ketones (3-ethyl-4-methylcyclopentaiione, 3,^-, and 3,5-di-
methylcyclohexanone) can e x i s t i n two geometric isomers. The 
Texas i n v e s t i g a t o r s excluded the l a s t two of these on the b a s i s 
of the r e f r a c t i v e index; t h e r e f o r e the only p o s s i b l e s t r u c t u r e 
l e f t was 3-ethyl-4-methylcyclopentanone. They attempted to 
prepare the two p o s s i b l e isomers of t h i s ketone by s e v e r a l 
r o u t e s , of which only one route gave them the two isomers. 
They foxind that the c i s isomer had the same p r o p e r t i e s as those 
of Von Braun's ketone. Unfortimately, s y n t h e s i s of the c y c l o -
p e n t y l a c e t i c a c i d from the c i s ketone y i e l d e d a s u b s t i t u t e d 
a c e t i c a c i d which appeared to be d i f f e r e n t from the a c i d Von 
Braun obtained from h i s ketone. F i n a l l y Lochte concluded the 
* 
f o l l o w i n g : 
Whether, f o r some reason, the a c i d obtained i n the 
author's [ L o c h t e ' s ] l a b o r a t o r y i s the pure c i s - t r a n s 
isomer of the one obtained by Von Braun, or whether the 
ketone Von Braun used i n h i s s y n t h e s i s was impure and 
y i e l d e d an a c e t i c a c i d d i f f e r e n t from the expected one 
or mixed with a d i f f e r e n t one, or, f i n a l l y , whether Von 
Braun's ketone was d i f f e r e n t i n s p i t e of the many p o i n t s 
of agreement i n p r o p e r t i e s of the ketone and i t s d e r i v a -
t i v e s w ith the Goodman-Berry ketone, c i s - 3 - e t h y l - ^ -
methylcyclopentanone, w i l l a p p a r e n t l y have to await the 
p o s s i b l e r e - i s o l a t i o n and c h a r a c t e r i z a t i o n of the ketone 
from petroleum. 
The s t r u c t u r e of a probable component of the Von Braun 
a c i d w i l l be given i n Chapter 7; however, i t should be men-
tio n e d here t h a t Von Bravin could not have had a pure a c i d or 
Reference 1, p. 186. 
ketone f o r the f o l l o w i n g reasons, among o t h e r s . 
( 1 ) I n s p i t e of Von Brann's assumption that h i s ketone was 
pure, the a c i d s y n t h e s i z e d from i t had r e l a t i v e l y s i m i -
l a r p r o p e r t i e s to the impure a c i d separated from 
petrolexim. 
( 2 ) Using a b e t t e r s e p a r a t i o n technique, Lochte was unable to 
f i n d any a c i d corresponding to the Von Braun a c i d . 
( 5 ) Even w i t h the most powerful methods of s e p a r a t i o n a v a i l -
a b l e today the i s o l a t i o n of a pure C^Q a c i d i s an arduous 
t a s k . The gas-chromatographic t r a c i n g s suggest t h a t Von 
Braun could have had no l e s s than s i x a c i d s , probably 
had ten or more. 
R e c e n t l y many e f f e c t i v e methods of s e p a r a t i o n have 
been developed and e s t a b l i s h e d as very good t o o l s f o r separa-
; 
i 
t i o n of many complex mixtxires. For example, Cason and co-
workers (20,21,22) were able to separate the complex mixture 
of s t r a i g h t - c h a i n , branched-chain and unsatu r a t e d f a t t y a c i d s 
i n t h e l i p i d s of t u b e r c l e b a c i l l u s by gas l i q u i d chromatography. 
U s i n g the same technique, Dannielson et a l . (23) analyzed the 
b i l e a c i d s obtained from human f e c e s . Furthermore, the a v a i l -
a b i l i t y of modern s p e c t r o s c o p i c methods makes i t p o s s i b l e to 
g a i n much s t r u c t u r a l information w i t h only s m a l l amounts of 
m a t e r i a l . F o r t h e s e reasons, i t was hoped t h a t these powerful 
methods of s e p a r a t i o n and s t r u c t u r e determination could solve 
the formidable problem presented by the naphthenic a c i d mix-
t u r e . Indeed, t h e s e methods have made i t p o s s i b l e , i n the 
p r e s e n t i n v e s t i g a t i o n , to i s o l a t e and i d e n t i f y t h r e e a c i d s 
8 
from the naphthenic a c i d s obtained from a C a l i f o r n i a petroleum 
However, i t should be emphasized t h a t even with these modern 
methods the s e p a r a t i o n of a naphthenic a c i d mixtiire w i l l s t i l l 
r e q u i r e an enormous expenditure of time and e f f o r t -
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CHAPTER 2 
METHODS OF SEPARATION AND THEIR PRELIMINARY 
APPLICATION TO NAPHTHENIC ACIDS 
The sample of naphthenic a c i d s s t u d i e d i n t h i s i n v e s t i -
g a t i o n , a dark brown v i s c o u s o i l , was provided by the C a l i f o r n i a 
R e s e a r c h C o r p o r a t i o n and was designated as "Chevron naphthenic 
a c i d s , E grade." These a c i d s were e x t r a c t e d from the middle 
d i s t i l l a t e s of San Joaquin V a l l e y naphthenic-type crudes. 
S i n c e the o i l from which these a c i d s were separated had not 
been s u b j e c t e d to a c r a c k i n g p r o c e s s , these a c i d s are n a t u r a l l y 
o c c u r r i n g i n the crude o i l and a r e not a r t i f i c i a l l y produced 
d u r i n g p r o c e s s i n g . 
Commercially a v a i l a b l e naphthenic a c i d s a r e u s u a l l y 
contaminated w i t h s i g n i f i c a n t amounts of hydrocarbons and other 
n e u t r a l m a t e r i a l s . The removal of these n e u t r a l compounds has 
been r e p o r t e d to be a quite d i f f i c u l t problem. These d i f f i c u l -
t i e s a r i s e from the tendency of the a l k a l i - s a l t s o l u t i o n s to 
foam o r e m u l s i f y . For t h i s reason, attempts to remove the 
n e u t r a l compoxmds by shaking the a l k a l i - s a l t s o l u t i o n with a 
s o l v e n t have been xinsuccessf u l . S e v e r a l methods have been 
developed to overcome t h i s problem ( 1 ) ; however, i n the p r e s -
ent i n v e s t i g a t i o n , the a c i d s were separated from n e u t r a l com-
pounds by means of a t h r e e - s t a g e c o u n t e r c u r r e n t K i e s - t y p e 
e x t r a c t i o n ( 2 ) . I n t h i s p r o c e s s , a s o l u t i o n of the a c i d s i n 
hexane was a l l o w e d to bubble s l o w l y through a d i l u t e 
' p r i v a t e commxanication, A. H. B a t c h e l d e r , C a l i f o r n i a 
R e s e a r c h C o r p o r a t i o n . 
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potassium hydroxide s o l u t i o n i n 30 per cent aqueous methyl 
a l c o h o l - By t h i s technique, e m u l s i f i c a t i o n was minimized and 
the n e u t r a l m a t e r i a l s were e f f e c t i v e l y removed. The p u r i f i e d 
a c i d s were then l i b e r a t e d from t h e i r potassium s a l t s by t r e a t -
ment with d i l u t e s u l f u r i c a c i d . 
The p u r i f i e d a c i d s were e s t e r i f i e d by h e a t i n g under 
r e f l u x f o r four hours with excess absolute methyl a l c o h o l i n 
presence of concentrated s u l f u r i c a c i d as a c a t a l y s t . The 
methyl e s t e r s obtained were next analyzed by vapor phase 
chromatography (V.P.C.), u s i n g an a n a l y t i c a l n e o p e n t y l g l y c o l 
s u c c i n a t e (N.P.G-S.) p o l y e s t e r colximn (5 f t . x 1/A- i n . , 10% 
N.P.G.S.). The chromatogram obtained i s given i n F i g u r e 2-1, 
curve A. The immediately n o t i c e a b l e f e a t u r e of t h i s V.P.C. 
t r a c i n g i s that only a few p a r t i a l l y r e s o l v e d bands appear i n 
the short r e t e n t i o n time region, w h i l e at the longer r e t e n t i o n 
times there i s no r e s o l u t i o n a t a l l . T h i s chromatogram i s an 
i n d i c a t i o n of the ve r y complex nature of the mixture of a c i d s . 
I t i s w e l l known, however, that i f the r e t e n t i o n times f o r 
members of a homologous s e r i e s a re p l o t t e d on a semilog paper, 
w i t h the log of the r e t e n t i o n time p l o t t e d a g a i n s t the number 
of carbons i n the molecule, a s t r a i g h t l i n e r e s u l t s . When 
such a p l o t was made f o r the f i v e r e s o l v e d peaks which appear 
i n Pigxxre 2-1, cxirve A, i n t e r e s t i n g l y enough a s t r a i g h t l i n e 
was obtained ( F i g u r e 2-1, curve B ) . T h i s behavior suggests 
t h a t these bands belong to a homologous s e r i e s . However, 
when these f r a c t i o n s were separated, each of them was found 
to be a r a t h e r complex mixture of four compounds or more. 
Ne v e r t h e l e s s , subsequent i n v e s t i g a t i o n s (see Chapter 4) 
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Legend to Fi g u r e 2-1 
Curve A: 
V.P.C. t r a c i n g of the methyl e s t e r of naphthenic a c i d s . 
Column, 5 f t . X 1/4 i n . , packed with 10% N.P.G.S. d i s -
p e r s e d on Chromosorb P; temp., 195^; helium flow r a t e 
60 ml. per min. 
Curve B; 
P l o t of the lo g a r i t h m of the r e t e n t i o n times of 
the peaks appearing i n curve A v s . the number of carbon 
atoms i n the a c i d s . The v a l u e s s e t f o r number of cairbon 
atoms were chosen on the b a s i s of components subsequently 
i d e n t i f i e d (Chap. 4 ) . 
13a 
min. 10 
r e t e n t i o n 
times(mln.) 
8 
B 
10 11 12 
number of carbon atoms 
13 
14 
showed t h a t a homologous s e r i e s of s t r a i g h t - c h a i n f a t t y a c i d s 
(nonanoic, decanoic, \mdecanoic, and dodecanoic a c i d s ) were 
among the c o n s t i t u e n t s of these f r a c t i o n s . These a c i d s a r e , 
therefore,- probably r e s p o n s i b l e f o r the l i n e a r r e l a t i o n s h i p 
.shown i n F i g u r e 2-1, curve B. I n t h i s connection, i t i s im-
p o r t a n t to mention t h a t no other a c i d s belonging to a homolo-
gous s e r i e s have been separated from these f r a c t i o n s . 
Examination of the V.P.C. t r a c i n g ( F i g u r e 2-1, cxirve A) 
r e v e a l s t h a t c o l l e c t i o n of the bands d i r e c t l y from the whole 
methyl e s t e r s w i l l not only be time consximing because of the 
long t a i l i n g ( t a i l i n g i s longer i n p r e p a r a t i v e columns) but 
a l s o w i l l be d i f f i c u l t because of the ve r y small y i e l d from 
each band. Therefore, the mixture was f i r s t f r a c t i o n a l l y d i s -
t i l l e d through a two-foot Podbielniak-type column i n order to 
o b t a i n somewhat s i m p l i f i e d f r a c t i o n s f o r s e p a r a t i o n by vapor 
phase chromatography. The f r a c t i o n s obtained on d i s t i l l a t i o n 
a r e g i v e n i n Table 2-1. 
Table 2-1 
F r a c t i o n a l D i s t i l l a t i o n of Methyl Naphthenates 
( F i f t y grams of the e s t e r were used.) 
F r a c t i o n B.P. (11.^ mm.) Weight (g.) Per cent 
I 80-90^ 0.15 0-3 
I I 90 -97° 0.70 1.4 
I I I 97-107° 2.5 5 
IV 107-114° 2.75 5-5 
7 114 -129° 6 . 5 13 
V I 130-137° 3 6 
Residue > 137° 34.45 68 . 9 
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S e p a r a t i o n of F r a c t i o n V 
F i g u r e 2-2 r e p r e s e n t s the V.P.C, t r a c i n g of F r a c t i o n V 
(b.p. 114 - 1 2 9 ° ) , u s i n g N.P.G.S. column (10 f t . x 3/8 i n . , 20% 
W.P.G.S.). I t i s i n t e r e s t i n g to n o t i c e that although the 
e s t e r s were very c a r e f u l l y f r a c t i o n a l l y d i s t i l l e d and the f r a c -
t i o n s were c o l l e c t e d i n a range of about ten degrees the bands 
appearing at 8 and 12 minutes c o n s t i t u t e the laurgest bands of 
f r a c t i o n s I I I and IV r e s p e c t i v e l y (compare FiEJure 2-2 with 
F i g u r e s 3-1 and 3-8). I t i s a l s o t r u e t h a t the peak at 17 
minutes, the major component of f r a c t i o n V, i s present i n de-
c r e a s i n g amounts i n f r a c t i o n s IV and I I I . Fxirthermore, althoiigh 
f r a c t i o n V i s only a s m a l l cut from the whole methyl naphthe-
nate mixture i t s t i l l has a long t a i l a t long r e t e n t i o n time-
T h i s was fovmd to be the "case i n a l l the f r a c t i o n s obtained by 
f r a c t i o n a l d i s t i l l a t i o n of these e s t e r s and again i l l u s t r a t e s 
the v e r y complex mixture of a c i d s under i n v e s t i g a t i o n . Never-
t h e l e s s , the r e t e n t i o n time of the major batnd of f r a c t i o n V 
(the band a t 17 minutes) i s longer than the r e t e n t i o n time of 
methyl decanoate on two p a r t i t i o n i n g agents (N.P.G.S. and 
s i l i c o n e g r e a s e ) . Of course the r e t e n t i o n times v a r y substan-
t i a l l y w i t h the s t r u c t u r e ; however, to a f i r s t degree of 
approximation i t can be concluded t h a t the components of t h i s 
band have ten or more carbon atoms. P a r t l y because of the 
molecular weight thus i n d i c a t e d , and p a r t l y because f r a c t i o n V 
i s a l s o the l a r g e s t f r a c t i o n obtained from d i s t i l l a t i o n of the 
e s t e r , t h i s f r a c t i o n was chosen f o r the p r e l i m i n a r y i n v e s t i g a -
t i o n of the component naphthenic a c i d s . 
I t i s obvious from F i g u r e 2-2 t h a t c o l l e c t i o n of the 
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Legend to Figxire 2-2 
V.P.C. t r a c i n g of f r a c t i o n V, b.p. 114-129°, from 
t h e f r a c t i o n a l d i s t i l l a t i o n t a b u l a t e d i n Table 2-1. 
Column, 10 f t . x 3/8 i n . , packed with 20% N.P.G.S. 
d i s p e r s e d on Chromosorb P; temp., 150*^; helium flow 
r a t e , 150 ml. per min.; amount i n j e c t e d 100 ]il 
( s o l u t i o n of 80 u l of V i n 20 u l n-heptane). The 
f i r s t o f f - s c a l e band i s the s o l v e n t band. 
16a 
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d e s i r e d 17-minute band w i l l not produce a piire compound 
because some of the ov e r l a p p i n g neighboring bands w i l l a l s o 
be c o l l e c t e d , but i t was hoped t h a t the f r a c t i o n obtained 
from t h i s c o l l e c t i o n could be separated by rechromatography 
u s i n g another p a r t i t i o n i n g agent. C o l l e c t i o n of the f r a c t i o n s 
as they emerge from the column, as i n d i c a t e d by the c r o s s 
l i n e s on the t r a c i n g , was found to be a time-consuming p r o c e s s . 
On the ot h e r hand, automatic c o l l e c t i o n by means of an 
Autoprep r e q u i r e s t h a t the c o l l e c t i o n be made as i n d i c a t e d by 
the arrows, f o r the bands to be c o l l e c t e d u s i n g Autoprep model 
A-700 must be t a l l enough to a l l o w the pen to pass the s w i t c h 
which c o n t r o l s the change of the r e c e i v e r s . Of course t h i s 
w i l l produce even l e s s pure m a t e r i a l but t h i s procedure was 
adopted, f o r rechromatography of t h i s f r a c t i o n should remove 
the added i m p u r i t i e s . Three f r a c t i o n s , V-1, V-2 and V-3, 
were obtained from f r a c t i o n V. 
When f r a c t i o n V-2, the band of i n t e r e s t , was i n j e c t e d 
on a s i l i c o n e column (10 f t . x 3/8 i n . , 20% s i l i c o n e grease, 
SE-30) the chromatogram shown i n Fig u r e 2-3, ctirve A, was 
obtained. Three f r a c t i o n s (V-2-A, V-2-B and V-2-C) were c o l -
l e c t e d "manually" as they emerged from the colvimn as i n d i c a t e d 
i n F i g u r e 2 - 5 , curve A. When these f r a c t i o n s were analyzed 
by V.P.C. u s i n g an a n a l y t i c a l s i l i c o n e column (5 f t . x 3/8 i n . , 
10% s i l i c o n e g r e a s e ) , p e r f e c t l y symmetrical bands were obtained 
( F i g u r e 2-3, curve B)- However, chromatography of the same 
The n o t a t i o n used f o r f r a c t i o n s i s : A roman niimeral 
f o r d i s t i l l a t i o n f r a c t i o n s , a hyphen, and then an a r a b l e nixm-
be r f o r f r a c t i o n s c o l l e c t e d from N.P.G.S. or c a p i t a l l e t t e r s 
f o r f r a c t i o n s c o l l e c t e d from a s i l i c o n e column. 
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Legend to F i g u r e 2*3 
V.P.C. t r a c i n g s of f r a c t i o n s V-2 and V-2-A. 
Curve A: 
F r a c t i o n V-2. Column, 10 f t . x 3/8 i n . , packed with 
20% s i l i c o n e grease SB-30 d i s p e r s e d on Chromoso'rb P; 
temp., 168°; helium flow r a t e 200 ml. per min., 
amount i n j e c t e d 35 Ul* 
Curve B: 
F r a c t i o n V-2-A. Column, 5 f t . x 3/8 i n . , packed with 
10% s i l i c o n e grease d i s p e r s e d on Chromosorb P; temp., 
115°; helium flow r a t e , ml. per min.; amount 
i n j e c t e d approximately one u l -
2 V 
18a 
rain 3 2 28 2 0 
B 
i ' 1 
mln. 
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f r a c t i o n s on an N.P.G.S. column ( F i g u r e 2 - ^ ) , i n d i c a t e d t h a t 
they are not v e r y homogeneous. T h i s i s another i l l u s t r a t i o n 
of the complexity of naiphthenic a c i d s . 
I t i s c l e a r from the V.P.C. t r a c i n g shovm i n F i g u r e 
2-4, curve B, t h a t f r a c t i o n V-2-B i s a complex mixture of f i v e 
or more compounds i n approximately equal amoxmts; t h e r e f o r e 
t h i s f r a c t i o n has not been s t u d i e d f u r t h e r . On the other hand, 
f r a c t i o n s V-2-A and V-2-C seem to have one major component 
together with other minor components. I n s t e a d of attempting 
to separate these two f r a c t i o n s f u r t h e r by V.P.C., attempts 
were made to prepare a c r y s t a l l i n e d e r i v a t i v e from these f r a c -
t i o n s i n the hope t h a t i t could be p u r i f i e d by r e c r y s t a l l i z a -
t i o n . 
The amide d e r i v a t i v e of f r a c t i o n V-2-C was prepared by 
a stamdard procedure, but u n f o r t i i n a t e l y t h i s d e r i v a t i v e was an 
o i l which could not be c r y s t a l l i z e d . Some other d e r i v a t i v e s 
were t r i e d but t h i s method was, u n f o r t u n a t e l y , u n s u c c e s s f u l i n 
most of the c a s e s . For insteuice, although the p-phthalimido-
phenacyl e s t e r d e r i v a t i v e of f r a c t i o n IV - 2-C was obtained i n 
c r y s t a l l i n e form and s u c c e s s f u l l y p u r i f i e d by r e c r y s t a l l i z a t i o n 
( s e e Chapter 5 ) , t h i s d e r i v a t i v e could not be p u r i f i e d by r e -
c r y s t a l l i z a t i o n i n the case of other f r a c t i o n s . Therefore 
t h i s method was t e m p o r a r i l y not pursued f u r t h e r . 
I t was f e l t t h a t the s e p a r a t i o n might be f a c i l i t a t e d 
i f some other methods of s e p a r a t i o n could be devised which 
would s i m p l i f y the naphthenic a c i d mixture. Therefore, some 
chemical methods of s e p a r a t i o n were attempted. 
I n c o n t r a s t w i t h the r e s u l t s reported by the e a r l i e r 
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Legend to F i g i i r e 2-4 
V.P.C. t r a c i n g of f r a c t i o n s V-2-A, V-2-B and V-2-C, 
Colxiuin, 10 f t . X 3/8 in._j^packed with Chromosorb P 
coated w i t h 20% N.P.G.S-; temp., 180°; helium flow 
r a t e , 150 ml. per min. 
Curve F r a c t i o n 
A V-2-A 
B V-2-B 
0 V-2-C 
2 0 a 
mln. 
min. 
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i n v e s t i g a t o r s , some of the p r o p e r t i e s of naphthenic a c i d s 
under i n v e s t i g a t i o n i n d i c a t e d t h a t t h e r e was p r e s e n t a s i g -
n i f i c a n t amount of e s t e r s c o n t a i n i n g a double bond. For 
example, f r a c t i o n V-2-rA-l has an absorption band i n the u l t r a -
v i o l e t spectrum with a maximum absorption at 197 mp. and an 
e x t i n c t i o n c o e f f i c i e n t ( e ) of 1 2 0 0 ( s e e F i g u r e 2-5) which 
co u l d correspond to about 13% u n s a t u r a t e d m a t e r i a l s . Also 
F . J . Schmitz, i n p r e l i m i n a r y i n v e s t i g a t i o n s , found t h a t naph-
t h e n i c a c i d mixtures (same a c i d s as used i n the present i n -
v e s t i g a t i o n ) g i v e a p o s i t i v e tetranitromethane t e s t . However, 
attempts a t reducing these u n s a t u r a t e d compounds by c a t a l y t i c 
hydrogenation or o x i d i z i n g them by a l k a l i n e potassium per-
mangemate were a f a i l u r e (3). These r e s u l t s and the absorption 
band a t about 223 mu i n d i c a t e t h a t the u n s a t u r a t i o n i n these 
compounds i s , at l e a s t p a r t l y , aromatic; however, absence of 
a l k e n o i c a c i d s w i t h a hindered double bond cannot be estab-
l i s h e d from t h e s e d a t a . 
Mercuric a c e t a t e r e a c t s w i t h an alkene f u n c t i o n i n un-
s a t u r a t e d compounds to form s t a b l e adducts. One of the most 
important p r o p e r t i e s of these adducts i s the ease w i t h which 
they a r e decomposed by halogen a c i d s . T h i s decomposition 
r e g e n e r a t e s the o r i g i n a l o l e f i n w ith a 90% or b e t t e r retention 
of the o r i g i n a l g e o m e t r i c a l c o n f i g u r a t i o n i n the c a s e s r e p o r t -
ed ( ^ ) . R e c e n t l y column chromatography of the mercury d e r i v a -
t i v e s of unsatvirated f a t t y e s t e r s was introduced i n a s e r i e s 
of a r t i c l e s by J a n t z e n and Andreas (5). These i n v e s t i g a t o r s 
were a b l e to u t i l i z e the adduct between mercuric a c e t a t e and 
u n s a t u r a t e d f a t t y e s t e r s to separate the methyl e s t e r s of 
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Legend to F i g u r e 2-5 
U l t r a v i o l e t spectrum of f r a c t i o n V-2-A-1, run 
on a Gary spectrophotometer, model 14M, usi n g 
n-heptajie as s o l v e n t . 
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s a t u r a t e d from unsaturated f a t t y a c i d s . The adduct was sepa-
r a t e d by chromatography on a column of s i l i c i c a c i d . T h i s 
method has been used s u c c e s s f u l l y by s e v e r a l other i n v e s t i -
gators ajid foTind to be v e r y e f f e c t i v e f o r s e p a r a t i n g xmsatu-
r a t e d from s a t u r a t e d f a t t y a c i d s . 
On account of the r e s u l t s presented above, which 
i n d i c a t e the presence of unsaturated compounds i n naphthenic 
a c i d s , i t seemed a t t r a c t i v e to use t h i s method f o r i s o l a t i o n 
of the unsaturated e s t e r s . However, the formation of t h i s 
adduct seems to be a f f e c t e d v e r y much by the s t r u c t u r e of the 
unsaturated compounds. For i n s t a n c e , i t was reported t h a t 
t r a n s unsaturated e s t e r s r e a c t more s l u g g i s h l y than the c i s 
isomers and t h i s was a t t r i b u t e d to the f a c t t h a t c i s isomers 
are much l e s s hindered than t r a n s isomers. Because the un-
s a t u r a t e d components of naphthenic a c i d s were f i r s t thought to 
be v e r y hindered t h i s method was f i r s t attempted on model com-
pounds i n order to determine the e f f e c t of s t e r i c hindrance on 
-the formation of the adduct. A f t e r s u c c e s s f u l l y t e s t i n g the 
procedure of H. Goldfine and K. Bloch ( 6 ) on a mixture of 
methyl s t e a r a t e and methyl o l e a t e , a mixture of methyl c y c l o -
hexanecarboxylate and methyl c y c l o h e x e n y l a c e t a t e was t r e a t e d 
w ith mercuric a c e t a t e a c c o r d i n g to t h i s procedxxre. A f t e r 
s e p a r a t i o n of the products on a s i l i c i c a c i d column, o n l y 30 
per cent of the unsaturated e s t e r was obtained when the adduct 
was decomposed with h y d r o c h l o r i c a c i d and the other 70 per 
cent was recovered from the unreacted m a t e r i a l s . Therefore 
t h i s method could not be u s e f u l f o r a p p l i c a t i o n to hindered 
a c i d s . 
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Another chemical method of s e p a r a t i o n which has been 
a p p l i e d to naphthenic a c i d s i s the s e p a r a t i o n of s t r a i g h t -
c h a i n f a t t y a c i d s by means of urea adducts- I n the presence 
of s t r a i g h t - c h a i n compounds, u r e a ceua c r y s t a l l i z e i n a honey-
comb-like l a t t i c e c o n t a i n i n g hexagonal c a n a l s or lumen which 
can accommodate the s t r a i g h t - c h a i n compounds. I t has been 
r e p o r t e d ( 7 ) t h a t e s t e r s c o n t a i n i n g a s t r a i g h t c h a in of 9 to 
about 20 atoms ( f o r t h i s purpose the -00^- group i s coimted as 
2 atoms) form s t a b l e adducts w i t h urea, whereas c y c l i c and 
branched-chain e s t e r s f a i l to g i v e s t a b l e complexes u n l e s s 
t h e r e i s a long c h a i n i n the molecule. T h i s adduct can be 
decomposed r e a d i l y w i t h water to regenerate urea and the 
adducted e s t e r s . 
Schmitz ( 3 ) , during h i s p r e l i m i n a r y examination of the 
p r e s e n t l y i n v e s t i g a t e d nap.hthenic a c i d s , attempted to s e p a r a t e 
any s t r a i g h t - c h a i n a c i d s by a m o d i f i c a t i o n of the above method. 
He allowed a s o l u t i o n of naphthenic a c i d s to pass through a 
column packed w i t h urea. Although t h i s method was s u c c e s s f u l l y 
used i n some o t h e r c a s e s ( 8 ) , no s t r a i g h t - c h a i n a c i d s c o u l d be 
s e p a r a t e d by t h i s method from naphthenic a c i d s . I n s p i t e of 
t h i s n e g a t i v e r e s u l t , f u r t h e r i n v e s t i g a t i o n has i n d i c a t e d t h a t 
the major component of f r a c t i o n V-2-C i s the methyl e s t e r of 
imdecanoic a c i d (the evidence f o r the s t r u c t u r e of t h i s a c i d 
w i l l be p r e s e n t e d i n Chapter 4, along w i t h the other s t r a i g h t -
c h a i n f a t t y a c i d s separated from naphthenic a c i d s ) . 
When f r a c t i o n V was t r e a t e d with u r e a according to the 
procedure r e p o r t e d by L i n s t e a d e t a l . ( 7 ) , and the r e s u l t i n g 
c r y s t a l l i n e adduct was f i l t e r e d from the mother l i q u o r and 
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decomposed with water, a methyl e s t e r was l i b e r a t e d whose 
V.P.C. a n a l y s i s i n d i c a t e d t h a t i t i s a s i n g l e pure compo\ind. 
On the other hand, when the mother l i q u o r was concentrated 
and the product was analyzed by V.P.C., the chromatogram 
shown i n F i g u r e 2-6 was obtained. I t i s i n t e r e s t i n g to n o t i c e 
t h a t the l a s t band (V-2-C) has been e l i m i n a t e d (compare Fi g u r e 
2-5, curve A, with F i g u r e 2-6). A l s o , when the major component 
of f r a c t i o n V-2-C (obtained by V.P.C, of t h i s f r a c t i o n as i n d i -
cated i n F i g u r e 2-4, curve C) was t r e a t e d two times w i t h urea 
according to the above procedure, about 61 per cent of t h i s 
f r a c t i o n formed an adduct with urea i n the f i r s t treatment and 
an a d d i t i o n a l 13 per cent r e a c t e d i n the second treatment. I n 
other words, at l e a s t 74% of the content of f r a c t i o n V-2-C-2 
i s a s t r a i g h t - c h a i n e s t e r . 
Although the urea adduct method was s u c c e s s f u l f o r the 
i s o l a t i o n of the s t r a i g h t - c h a i n f a t t y a c i d s from naphthenic 
a c i d s , the V-P.C. t r a c i n g of the m a t e r i a l which d i d not form 
an adduct from f r a c t i o n V-2 ( F i g u r e 2-6) i n d i c a t e s t h a t t h i s 
method does not f a c i l i t a t e the s e p a r a t i o n of the n o n l i n e a r 
components of t h i s p a r t i c u l a r f r a c t i o n . However, the s u c c e s s -
f u l i s o l a t i o n of f r a c t i o n V-2-C-2 by V.P.C. ( a t l e a s t 74% 
s t r a i g h t - c h a i n a c i d ) made i t d e s i r a b l e to p u r i f y f r a c t i o n 
V-2-A i n the same manner, i n the hope t h a t the p u r i t y of the 
product would be of the same order of magnitude as t h a t ob-
t a i n e d f o r f r a c t i o n V-2-C-2. Therefore f r a c t i o n V-2-A was 
* 
T h i s method was of great help f o r the i s o l a t i o n of 
the open-chain i s o p r e n o i d C^ ^^  a c i d ; see Chapter 5. 
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Legend to F i g u r e 2-6 
V.P.C. t r a c i n g of the p o r t i o n of f r a c t i o n V-2 
which d i d not form an adduct with urea. Golunin, 
10 f t . X 3/8 i n . packed with 20% s i l i c o n e grease 
SE-30 d i s p e r s e d on Chromosorb P; teinp., 168°; 
helium flow r a t e , 200 ml. per min. 
26a 
0 min 
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chromatographed on N.P.G.S. and the*major band was c o l l e c t e d 
as i n d i c a t e d i n F i g u r e 2-4, curve A. The m a t e r i a l obtained, 
V-2-A-2, was analyzed by V.P.C. using two d i f f e r e n t p a r t i t i o n -
i n g agents, and only a s i n g l e band could be observed (see 
F i g u r e 2 - 7 ) . V/hen a saunple of t h i s f r a c t i o n was chromato-
graphed on a t h i n l a y e r of aliimina, only one spot could be 
d e t e c t e d . I n s p i t e of these i n d i c a t i o n s of homogeneity, the 
mass spectrum of t h i s f r a c t i o n i n d i c a t e d t h a t i t i s a mixture 
of monocyclic and b i c y c l i c C^ ^^  a c i d s (two parent peaks were 
observed i n the mass spectrum of the methyl e s t e r at m/e 198 
suad 196). However, when the amide d e r i v a t i v e of t h i s f r a c t i o n 
was prepared and the c r y s t a l l i n e product was p u r i f i e d by r e -
c r y s t a l l i z a t i o n , a pure monocyclic C^ ^^  a c i d was obtained 
( o n l y one p a r e n t peak at m/e 183 was observed i n the mass 
spectrum). 
F r a c t i o n V-2-A-2 was a l s o separated a t the same time 
t h i s work was i n progress by another i n v e s t i g a t o r ( 9 ) , u s i n g 
a somewhat d i f f e r e n t sequence, and i t s s t r u c t u r e was e v e n t u a l l y 
e s t a b l i s h e d a s 2 , 2 , 6 - t r i m e t h y l c y c l o h e x y l a c e t a t e . Thus, exami-
n a t i o n of t h i s p a r t i c u l a r f r a c t i o n has been excluded from the' 
p r e s e n t i n v e s t i g a t i o n . 
The s e p a r a t i o n s o u t l i n e d i n t h i s Chapter are summar-
i z e d i n the flow sheet. Table 2-2. 
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Legend to F i g u r e 2-7 
V.P.C. t r a c i n g of f r a c t i o n V-2-A-2 
Curve At 
Colximn, 10 f t x 3/8 i n . packed with 20% N.P.G.S. 
d i s p e r s e d on Chromosorb P; temp., 158°; helium flow 
r a t e , 150 ml. per min.; amoxmt i n j e c t e d , 1/2 u l • 
Curve B: 
Column, 10 f t . x 3/8 i n . , packed with 30% s i l i c o n e 
grease SE-30 d i s p e r s e d on 60/80 Chromosorb P; temp., 
188°; helium flow r a t e , 150 ml. per min. 
28a 
min. 
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Table 2-2 
Plow Sheet f o r the Se p a r a t i o n of F r a c t i o n V 
F r a c t i o n V -1 
( 2 . 3 g.) 
F r a c t i o n V-2-A 
( 0 . 2 2 g.) 
Crude E s t e r 
(85 g.) 
f r a c t i o n a l d i s t i l l a t i o n 
F r a c t i o n V (b.p. 1 1 4 - 1 2 9 ° / 1 1 . 5 mm.) 
(11 g.) 
<r V.P.C. s e p a r a t i o n on H.P.G.S 
F r a c t i o n V - 2 
( 1 . 9 g.) 
1 F r a c t i o n V-3 
(5.35 g-) 
V.P.C. ( s i l i c o n e ) 
F r a c t i o n V-2-B 
(.25 g.) 
F r a c t i o n V-2-C 
(0.2 g.) 
V.P.C. (N.P.G.S.) V.P.C. (n.p.G.s.) 
F r a c t i o n s yf ^ F r a c t i o n s 
V-^A-1 V-2-A-2 V-2-A-3 V-2-C-1 V-2-C-2 V-2-C-3 
(0.06 g.) ( 0 . 0 9 g.) (O.Olg.) (0.02 g.) (0.065 g.) ( 0 . 0 9 ^ g.) 
Amide d e r i v a t i v e 
Pure monocyclic C^ ^^  
Urea 
Pure n-C^j^ a c i d <• 
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Experimental 
S e p a r a t i o n of Naphthenic Acids 
from the N e u t r a l M a t e r i a l s 
A 15-g« sample of the crude naphthenic a c i d s (Chevron 
naphthenic a c i d s , grade "E", obtained from C a l i f o r n i a Research 
C o r p o r a t i o n ) was d i s s o l v e d i n 50 ml. of d i s t i l l e d t e c h n i c a l 
mixed hexanes. T h i s s o l u t i o n was allowed to pass s l o w l y 
through a two-stage K i e s e x t r a c t o r a t a r a t e of two drops per 
second. The f i r s t stage contained a s o l u t i o n of 4 . 5 g. of 
potassium hydroxide i n 1 0 0 ml. of 30% (by volume) aqueous 
methanol. The second stage contained 1 g, of potassium hydrox-
ide i n 100 ml. of 30% aqueous methanol. As soon as the o r i g i n a l 
hexane s o l u t i o n had been passed through the a l k a l i n e s o l u t i o n s , 
50 ml. of d i s t i l l e d hexane was allowed to f o l l o w t h i s s o l u t i o n 
at the saime r a t e . The aqueous l a y e r s were then separated from 
the o r g a n i c l a y e r s and the combined potassium naphthenate so-
l u t i o n was a c i d i f i e d w ith 6 N s u l f u r i c a c i d . The l i b e r a t e d 
naphthenic a c i d s were then e x t r a c t e d from the a c i d i f i e d s o l u -
t i o n w i t h t h r e e 40-ml. p o r t i o n s of e t h e r . The e t h e r e a l s o l u -
t i o n s were washed with two 50-ml. p o r t i o n s of water, followed 
by 2 5 ml. of s a t u r a t e d sodium c h l o r i d e s o l u t i o n . The combined 
e t h e r e a l s o l u t i o n was d r i e d over anhydrous magnesitxm s u l f a t e , 
and the s o l v e n t was then removed by d i s t i l l a t i o n a t atmospheriD 
p r e s s u r e . The l a s t t r a c e s of ether were removed a t reduced 
p r e s s u r e by means of a r o t a r y evaporator to y i e l d 12 g. of 
the p u r i f i e d naphthenic a c i d s . 
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P r e p a r a t i o n of Methyl Naphthenates 
( F i s c h e r Method) 
A mixtvire of 10 g. of the p u r i f i e d naphthenic a c i d s , 
50 ml. of absolute methyl a l c o h o l and 4 ml. of concentrated 
s u l f u r i c a c i d , i n a 200-ml, rovind-bottomed f l a s k , was heated 
imder r e f l u x (steeum bath) f o r f o u r hours. The r e a c t i o n mix-
t u r e was then cooled to room temperature and poured i n t o 
excess c o l d water. The organic l a y e r was next e x t r a c t e d t h r e e 
times with 50-ml. portions of d i s t i l l e d e t h e r . The combined 
e t h e r e a l e x t r a c t was washed once with water, once v/ith 20% 
sodium carbonate s o l u t i o n , t w i c e with water and f i n a l l y once 
w i t h s a t u r a t e d sodium c h l o r i d e s o l u t i o n , then d r i e d over anhy-
drous magnesium s u l f a t e . The e t h e r e a l s o l u t i o n was f i l t e r e d 
and the s o l v e n t was removed by d i s t i l l a t i o n a t atmospheric 
p r e s s u r e . The l a s t t r a c e s of e t h e r were removed at reduced 
p r e s s u r e by means of a r o t a r y evaporator to y i e l d 9-5 g- of 
the methyl e s t e r . 
F r a c t i o n a l D i s t i l l a t i o n 
of Methyl Naphthenate 
The methyl e s t e r s of the naphthenic a c i d s , obtained as 
above, were f r a c t i o n a l l y d i s t i l l e d through a 2 - f t . P o d b i e l n i a k -
type column ( a complete d e s c r i p t i o n of t h i s column may be found 
i n "Laboratory Text i n Organic Chemistry" by Cason and 
Rapoport). The f r a c t i o n s obtained from t h i s d i s t i l l a t i o n 
a re given i n Table 2-1. 
S e p a r a t i o n of Components 
of F r a c t i o n V by V.P,C. 
The c o l l e c t i o n of f r a c t i o n V-2 from f r a c t i o n V was c a r -
r i e d out u s i n g an automatic p r e p a r a t i v e gas chromatography 
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"Autoprep," model A-700 (Wilkens Instrument and Research I n c . , 
Walnut Creek, C a l i f o r n i a ) . T h i s instrument was equipped with 
a Leeds and Northrup r e c o r d e r and with a 10 f t . x 3/8 i n . 
column f i l l e d w i th 15/60 Chromosorb P, which was coated with 
20% n e o p e n t y l - g l y c o l s u c c i n a t e p o l y e s t e r . The temperature of 
the colximn was kept a t 150 ± 1^, and the helium flow r a t e was 
150 ml. p e r minute. A sample of 120 to 150 ]il of i r a c t i o n V 
d i s s o l v e d i n n-heptane (80 ]xl of e s t e r to 20 u l of heptane) 
per i n j e c t i o n was s u i t a b l e f o r t h i s s e p a r a t i o n . The arrows on 
F i g u r e 2-2 i n d i c a t e the p o s i t i o n at which the s w i t c h was s e t 
to change c o l l e c t o r s -
S e p a r a t i o n of F r a c t i o n V-2 i n t o i t s components, V-2-A, 
V-2-B and V-2-C, was accomplished u s i n g "Aerograph" model 
A-90-P ( a v a i l a b l e from the same compsiny mentioned above) which 
was equipped w i t h a Leeds and Northrup r e c o r d e r and with a 10 
f t . X 3/8 i n . column packed with 20% s i l i c o n e grease SE-30 on 
30/60 Chromosorb P. The f r a c t i o n s were c o l l e c t e d manually as 
i n d i c a t e d i n F i g u r e 2-3, curve A. The column temperature was 
169*^; helium flow r a t e was about 200 ml. per min.; and 35 p i l 
of V-2 were used f o r each i n j e c t i o n . 
I s o l a t i o n of V-2-A-2 and V-2-C-2 from V-2-A and V-2-C 
r e s p e c t i v e l y was c a r r i e d out u s i n g the N.P.G.S. coltunn (same 
column d e s c r i b e d above), and f r a c t i o n s v/ere changed manually. 
The c o n d i t i o n s used f o r t h i s step aire presented i n the legend 
to F i g i i r e 2-^-. 
A sxammary of the e n t i r e s e p a r a t i o n as w e l l as the 
y i e l d o b t a i n e d i n each s t e p i s given i n Table 2-2. 
Note: The o u t l e t of the r e c e i v e r s was p r o t e c t e d with 
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cotton p r e v i o u s l y washed very thoroughly with d i s t i l l e d ben-
zene- Some of the m a t e r i a l to be c o l l e c t e d was trapped i n 
t h i s cotton; t h e r e f o r e the cotton must be e x t r a c t e d i n order 
to r e cover a good y i e l d . As much as 30% of the m a t e r i a l c o l -
l e c t e d by the Autoprep, u s i n g the commercially a v a i l a b l e r e -
c e i v e r s , has been obtained by e x t r a c t i n g t h i s c otton. 
Attempted P r e p a r a t i o n of the Amide 
D e r i v a t i v e of F r a c t i o n V-2-C 
To a sample of ^5 mg. of f r a c t i o n V-2-C d i s s o l v e d i n 
3 ml, of methanol, 1 ml, of 15% potassi\am hydroxide s o l u t i o n 
was added and the mixture was heated under r e f l u x f o r 5 hours. 
The r e a c t i o n mixture was cooled to room temperature, d i l u t e d 
with 20 ml. of water and a c i d i f i e d w i t h 6 N s u l f u r i c a c i d . 
The organic a c i d l i b e r a t e d was c o n t i n u o u s l y e x t r a c t e d with 
about 50 ml. of ether f o r 4 hours i n a continuous e x t r a c t o r . 
The e t h e r e a l l a y e r was separated from the aqueous l a y e r and 
d r i e d over sinhydrous magnesium s u l f a t e , the s o l u t i o n was f i l -
t e r e d , and the solvent was then removed by d i s t i l l a t i o n ; the 
l a s t t r a c e s of ether were removed under reduced p r e s s u r e using 
a r o t a r y evaporator. 
The a c i d obtained was d i s s o l v e d i n 4 ml. of dry benzene 
( d r i e d over sodivun w i r e ) and 1 ml. of p u r i f i e d t h i o n y l chloride. 
The r e a c t i o n mixture, p r o t e c t e d by a d r y i n g tube, was heated 
a t 80*^ to 90° f o r two hours- The s o l v e n t as w e l l as the 
excess t h i o n y l c h l o r i d e were then removed under reduced 
p r e s s u r e . 
The r e s u l t a n t a c y l c h l o r i d e was d i s s o l v e d i n 2 ml. of 
dioxane (water and peroxides were removed by p e r c o l a t i o n 
5^ 
through a column of b a s i c Woelm alumina), and then was cooled 
i n an i c e b a t h f o r 10 min. To t h i s t h e r e was added r a p i d l y i n 
one p o r t i o n 20 ml. of i c e c o l d ammonium hydroxide. The brown-
i s h o i l which p r e c i p i t a t e d d i d not s o l i d i f y when sto r e d a t 0° 
f o r s e v e r a l days. E x t r a c t i o n of the s o l u t i o n y i e l d e d 30 mg. 
of t h i s o i l which could not be induced to s o l i d i f y . 
Attempted p r e p a r a t i o n and s e p a r a t i o n of mercuric 
a c e t a t e adduct of a mixture of methyl e s t e r s of 
c y c l o h e x a n e c a r b o x y l i c and c y c l o h e x e n y l a c e t i c a c i d s 
According to the procedure d e s c r i b e d by Goldfine and 
B l o c h ( 6 ) , 50 mg. of a mixture of equal amounts of methyl 
c y c l o h e x a n e c a r b o x y l a t e and methyl c y c l o h e x e n y l a c e t a t e i n a 
200-ml. round-bottomed f l a s k was t r e a t e d w i t h a s o l u t i o n of 
150 mg. of me r c u r i c a c e t a t e i n 10 ml. of a 5% water - 0.3% 
a c e t i c a c i d s o l u t i o n i n methanol. The f l a s k was heated to 
approximately 60° i n a water bath f o r 5 minutes to d i s s o l v e 
the mercuric a c e t a t e , then the stoppered f l a s k kept over-
n i g h t i n the dark, at room temperature. The s o l v e n t s and 
e x c e s s a c e b i c a c i d were removed on a r o t a r y evaporator, f o l -
lowed by f u r t h e r drying on an o i l p\imp vacuum l i n e through a 
1-foot unpacked column. 
The dry r e s i d u e was t r i t u r a t e d with t h r e e 20-ml. por-
t i o n s of r e d i s t i l l e d benzene a t 50-60^, and the e x t r a c t s were 
f i l t e r e d through g l a s s wool onto a column of approximately 
5 g. of s i l i c i c a c i d , which had been prepared from a s l u r r y 
i n benzene. The column was e l u t e d t h r e e times with benzene 
to a t o t a l volume of 200 ml.; f i n a l l y the t i p of the column 
was r i n s e d w i t h a few ml. of benzene. The mercuric a c e t a t e 
adduct of the u n s a t u r a t e d e s t e r was then e l u t e d with 100 ml. 
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of 5% a c e t i c a c i d i n absolute e t h a n o l . The adduct was decom-
posed by a d d i t i o n of 10 ml. of concentrated h y d r o c h l o r i c a c i d 
and 50 ml. of water. A f t e r 5 min., enough water was added to 
produce c l o u d i n e s s upon s t i r r i n g , then the mixture was c o n t i n -
uously e x t r a c t e d with r e d i s t i l l e d petroleum e t h e r . The e x t r a c t 
was washed twice with water and d r i e d over anhydrous magnesium 
s u l f a t e . 
The benzene s o l u t i o n was evaporated to dryness, and 
the r e s i d u e was ajialyzed by V.P.C. The t r a c i n g i n d i c a t e d t h a t 
only a very small amount of the s a t u r a t e d e s t e r could be r e -
covered under these c o n d i t i o n s . Moreover, t h e r e was a r e l a -
t i v e l y l a r g e band at the r e t e n t i o n time of the unsaturated 
e s t e r ( r e p r e s e n t i n g the p o r t i o n of t h i s e s t e r which d i d not 
form a mercuric a c e t a t e adduct \inder the working c o n d i t i o n s ) . 
On the other hand, when the petroleum ether was removed and 
the r e s i d u e was analyzed by V.P.C. only one band was observed 
at the r e t e n t i o n time of the u n s a t u r a t e d e s t e r (the p o r t i o n 
of t h i s e s t e r adducted with the mercuric a c e t a t e ) . The V.P.C. 
a n a l y s i s i n d i c a t e d t h a t only 30% of the unsaturated e s t e r 
(methyl c y c l o h e x e n y l a c e t a t e ) was able to form an adduct 
whereas 70% of t h i s e s t e r d i d not r e a c t with mercuric a c e t a t e 
and thus cannot be separated from the s a t u r a t e d e s t e r . 
Goldfine reported t h a t e s t e r s of a c i d s lower than 
CiQ may be l o s t by evaporation during the d r y i n g of the 
adduct u s i n g o i l pump vacuiun. Thus the small y i e l d of the 
methyl cyclohexanecarboxylate may be a t t r i b u t e d to the l o s s 
of t h i s e s t e r by evaporation. I t i s a l s o p o s s i b l e t h a t i t 
formed a minimum-boiling azeotrope with one of the s o l v e n t s 
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Use of u r e a adduction f o r p u r i f i c a t i o n 
of f r a c t i o n V-2-C-2 
According to the procedure of L i n s t e a d et a l . , 350 
mg. of u r e a i n a 10-ml. Erlenmeyer f l a s k were moistened w i t h 
4 drops of a b s o l u t e methanol (reagent g r a d e ) . To t h i s mix-
t u r e t h e r e was added 91-^ mg. of f r a c t i o n V-2-C-2 i n 0.728 ml. 
of reagent grade petroleum e t h e r , and the mixture was allowed 
to stand o v e r n i g h t . The s o l i d was then t r i t u r a t e d s e v e r a l 
times w i t h petroleum ether and d r i e d . T h i s c r y s t a l l i n e com-
p l e x was decomposed by a d d i t i o n of water, and the l i b e r a t e d 
e s t e r was e x t r a c t e d w i t h e t h e r . The s o l v e n t was then removed 
as u s u a l and the product was analyzed by V.P.C. Only one sym-
metrical band was observed. 
The combined petrolexim ether s o l u t i o n was washed w i t h 
water, and d r i e d over anhydrous magnesium s u l f a t e . The s o l v e n t 
was removed by d i s t i l l a t i o n through a 2 - f t . Podbielniak column. 
The r e s i d u e weighed 35*9 mg. ( 3 9 % ) -
When the unadducted e s t e r was t r e a t e d a second time 
w i t h urea, 24 mg, (26% of t o t a l ) unreacted e s t e r was recovered; 
t h e r e f o r e , 74% of f r a c t i o n V-2-C-2 formed an adduct with u r e a . 
T h i n - l a y e r chromatography of V-2-A-2 
A sample of 1/2 u l ' of f r a c t i o n V-2-A-2 was p l a c e d on 
a t h i n l a y e r of s i l i c a g e l d i s p e r s e d on a g l a s s p l a t e . T h i s 
m a t e r i a l was e l u t e d with dry benzene to a c e r t a i n d i s t a n c e and 
t h e p l a t e was then removed, d r i e d and developed by i o d i n e 
vapor. Only one spot with v a l u e of 0.525 was observed. 
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CHAPTER 3 
SEPARATION AND PRELIMINARY INVESTIGATION 
OP CERTAIN COMPONENTS PROM NAPHTHENIC ACIDS 
The component a c i d s which have been p r e v i o u s l y sepa-
r a t e d from naphthenic a c i d s c o n t a i n only nine or l e s s carbon 
* 
atoms. T h e r e f o r e , the purpose of t h i s work has been d i r e c t e d 
to the i s o l a t i o n and c h a r a c t e r i z a t i o n of a c i d s which have t e n 
or more carbon atoms. S i n c e the component a c i d s i s o l a t e d from 
f r a c t i o n V-2 were found to have 11 carbon atoms, a s e a r c h f o r 
a c i d s which c o n t a i n ten carbon atoms was undertaken next. 
When f r a c t i o n V-1 was chromatographed on a neopentyl 
g l y c o l s u c c i n a t e p o l y e s t e r column (20 f t . x 3/8 i n . , 10% N.P. 
G. S . ) i the t r a c i n g shown i n F i g u r e 3-1, curve A, was obtained. 
I t i s obvious from t h i s t r a c i n g t h a t the 16«5-min. band i s 
f a i r l y w e l l s e p a r a t e d from the other components. Thus, a t t e n p t -
ed s e p a r a t i o n of t h i s band was c a r r i e d out. Because only l i m -
i t e d amounts of f r a c t i o n V-1 were at hand and la r g e amounts of 
t h i s f r a c t i o n would be r e q u i r e d i n order to allow s e p a r a t i o n 
of enough m a t e r i a l f o r c h a r a c t e r i z a t i o n and degradative work, 
attempts were made to i s o l a t e the d e s i r e d bsmd d i r e c t l y from 
a f r a c t i o n a l d i s t i l l a t i o n c u t . As expected, the band of i n -
t e r e s t was found to be pr e s e n t i n f r a c t i o n IV ( c f . Table l - l ) . 
However, a much b e t t e r y i e l d of t h i s band was obtained from a 
As has been mentioned i n the i n t r o d u c t i o n , only two 
a c i d s w i t h t e n carbon atoms have been s e p a r a t e d from naph-
t h e n i c a c i d s . 
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Legend to F i g u r e 5-1 
V.P.C. t r a c i n g s of f r a c t i o n s V-1 and 17. 
Column, 20 f t . x 5/8 i n . , packed with 10% N.P.G.S. 
d i s p e r s e d on Chromosorb P; temp., 160*^; helium flow 
r a t e , 180 ml. per min. 
Curve A: 
F r a c t i o n V-1 
Curve B: 
F r a c t i o n IV 
An i n j e c t i o n of 40-50 p.1. of IV i s s u i t a b l e f o r 
p r e p a r a t i v e purposes. The e s t e r used f o r c o l l e c t i o n 
of f r a c t i o n IV-2 was prepared v i a s i l v e r naphthenates 
59a 
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f r a c t i o n which b o i l s over a wider range than f r a c t i o n IV (b.p. 
range was between 10? and 118°*). F i g u r e 3-1, c\irve B, i s a 
V.P.C. t r a c i n g of t h i s f r a c t i o n , u s i n g the sajne N.P.G.S. column 
mentioned above. Although more components are p r e s e n t i n t h i s 
f r a c t i o n than i n f r a c t i o n V-1 (compare curves A and B ) , i t i s 
i n d i c a t e d t h a t t h e r e i s not too much l o s s of r e s o l u t i o n of the 
d e s i r e d band. Before s e p a r a t i n g t h i s f r a c t i o n by V.P.C. a 
chemical method of s e p a r a t i o n was attempted i n the hope that 
i t might l e a d to a s i m p l e r mixture. 
Although some of the chemical methods of s e p a r a t i o n 
d i s c u s s e d i n Chapter 2 were un s u c c e s s f x i l , the urea adduction . 
method was used s u c c e s s f u l l y f o r the i s o l a t i o n of the s t r a i g h t -
c h a i n components of f r a c t i o n V, Because the c a n a l s i n t h i s 
adduct can only accommodate the s t r a i g h t - c h a i n e s t e r s t h i s 
method cannot be used f o r s e p a r a t i o n of the complex mixture of 
c y c l i c and branched-chain a c i d s . However, i t i s r e p o r t e d i n 
the l i t e r a t u r e t h a t , i n presence of c e r t a i n compovinds, t h i o -
u r e a forms c r y s t a l l i n e adducts which c o n t a i n l a r g e r channels 
than t h a t of the u r e a adducts. Presumably, t h i s r e s u l t s from 
the l a r g e r r a d i u s of s u l f u r compared to oxygen. Not only 
s t r a i g h t - c h a i n compounds can be trapped i n the thioxirea adduc-
t i o n channels but a l s o branched c h a i n s and c y c l i c compoimds. 
For example, B. Angla ( 1 ) reported t h a t highly-branched s i d e -
c h a i n hydrocarbons and c y c l i c a l k a n e s can form adducts w i t h 
t h i o u r e a . Moreover, Schlenk ( 2 ) d i s c o v e r e d that a t h i o u r e a 
adduct can be formed from compounds which do not o r d i n a r i l y 
* 
Henceforth, IV w i l l be used to designate t h i s f r a c -
t i o n of wider b o i l i n g range. 
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adduct w i t h t h i o u r e a i f t h e r e are added c e r t a i n compounds 
which form a v e r y s t a b l e adduct, e.g. cyclohexane. T h i s 
method was used s u c c e s s f u l l y f o r i s o l a t i o n of the high molecu-
l a r weight (C-j^^ or h i g h e r ) branched-chain a c i d s of i s o p r e n o i d 
s t r u c t u r e from the same naphthenic a c i d mixture under present 
i n v e s t i g a t i o n ( 5 ) . For these reasons, a p p l i c a t i o n of t h i s 
method f o r s e p a r a t i o n of f r a c t i o n s I I I and IV was undertaken. 
A sample of f r a c t i o n IV was added to a sat\irated s o l u -
t i o n of t h i o u r e a i n absolute methanol. Upon a d d i t i o n of a 
few ml. of cyclohexane, white c r y s t a l s immediately p r e c i p i t a t -
ed. The mixture was shaken w e l l and kept overnight at room 
temperature, then the s o l i d adduct v;as separated and washed 
c a r e f u l l y w i t h cyclohexane. About 10% of the e s t e r o r i g i n a l l y 
used was obtained upon decomposition of t h i s adduct with water 
U n f o r t u n a t e l y , the V.P.C. t r a c i n g s of the m a t e r i a l adducted 
w i t h t h i o u r e a , as w e l l as t h a t which d i d not form an adduct, 
were found to be s i m i l a r to t h a t of the untreat€;d e s t e r . 
S i m i l a r r e s u l t s were obtained when a sample of f r a c t i o n I I I 
was t r e a t e d i n the same manner. 
The s u c c e s s f u l s e p a r a t i o n of the high molecular weight 
branched-chain components of naphthenic a c i d s ( 5 ) was probably 
due to the f a c t t h a t the other c o n s t i t u e n t s p r e s e n t i n these 
f r a c t i o n s not o n l y have d i f f e r e n t s i z e s from the branched-
c h a i n a c i d s but a l s o t h e i r s i z e was probably l a r g e r than the 
When the 16.5-min. band ( f r a c t i o n IV-2) was i s o l a t e d 
from both the u n t r e a t e d e s t e r and the e s t e r l i b e r a t e d from 
the t h i o u r e a adduct and chromatographed on a s i l i c o n e column, 
s i m i l a r t r a c i n g s were obtained. T h i s i s a s t r o n g i n d i c a t i o n 
t h a t no s i g n i f i c a n t s e p a r a t i o n was accomplished by u s i n g the 
t h i o u r e a adduction method. 
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channels of the t h i o u r e a adduct. On the other hand, the 
f a i l x i r e of t h i s method to accomplish any s i g n i f i c a n t separa-
t i o n i n the c a s e s d i s c u s s e d above (lower molecular weight 
a c i d s ) , d e s p i t e the presence of s t r a i g h t - c h a i n , branched-
c h a i n and c y c l i c compounds, may be because the s i z e of a l l 
thes e components i s s u i t a b l e f o r f i t t i n g i n t o the h o l e s of 
the adduct. 
Sinc e the attempt at s i m p l i f y i n g the d i s t i l l a t i o n 
f r a c t i o n by means of t h i o u r e a adduction f a i l e d , the d e s i r e d 
16.5-iQin. band ( f r a c t i o n IV-2) was separated by V.P.C. as 
i n d i c a t e d i n F i g u r e 3-1.* Although rechromatography of t h i s 
f r a c t i o n on the same p a r t i t i o n i n g agent (N.P.G-S.) under the 
same c o n d i t i o n s gave a s i n g l e symmetrical band, chromatog-
raphy of the same m a t e r i a l using a s i l i c o n e column ( c f . 
F i g u r e 3-3, Curve A) r e v e a l s the presence of at l e a s t f i v e 
compounds i n t h i s f r a c t i o n . Although r.o d i r e c t comparison 
can be made between F i g u r e 2-1, curve A, and 3-1 (because 
d i f f e r e n t chromatographic c o n d i t i o n s wesre used) the 16.5-inin. 
band ( F i g u r e 3-1) was found to correspond to the second band 
i n the V.P.C. t r a c i n g of the whole methyl naphthenate mixture 
( t h e 1.6-min. band. F i g u r e 2-1, curve A ) . As expected from 
the l i n e a r r e l a t i o n s h i p shown i n F i g u r e 2-1, curve B, the 
r e t e n t i o n time of the 15-5-niin. bar.d (major component of 
f r a c t i o n IV-2, Pigxire 3-2, curve A) i s i d e n t i c a l w i t h the 
r e t e n t i o n time of methyl decanoate. Therefore, s e p a r a t i o n 
F r a c t i o n V-1 was used a t f i r s t f o r t h i s purpose and 
when t h i s f r a c t i o n was exhausted f r a c t i o n IV was then used. 
^5 
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Legend to FiRXire 3-2 
> 
V.P.C. t r a c i n g s of f r a c t i o n IV - 2 before and a f t e r t r e a t -
ment w i t h xarea. Column, lO f t . x 3/8 i n , , packed with 20% 
s i l i c o n e grease SE-30 d i s p e r s e d on Chromosorb P; temp,, 
169*^ ; helium flow r a t e , 200 ml T per min. 
Curve A: 
F r a c t i o n IV - 2 before treatment w i t h urea. 
Curve B; 
F r a c t i o n IV - 2 a f t e r s e p a r a t i o n of the s t r a i g h t - c h a i n 
e s t e r v i a urea adduction. 
43a 
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of t h i s component by means of the urea adduction method was 
undertaken. 
F r a c t i o n I V - 2 was t r e a t e d three times with urea and 
the f r a c t i o n which d i d not form an adduct (35%) was chromato-
graphed on the s i l i c o n e column ( F i g u r e 3 -2 , Curve B ) . I t i s 
i n t e r e s t i n g t o note t h a t not on l y the c e n t r a l band was e l i m i -
n a t e d but a l s o the r e s o l u t i o n of the remaining n o n l i n e a r com-
ponents was improved (compare F i g u r e 3 -1 , Curve A with Curve B) 
The two major bands (B and C) were c o l l e c t e d as i n d i c a t e d i n 
F i g u r e 3 - 2 , Curve B, to o b t a i n two f r a c t i o n s , IV - 2-B and IV - 2-C 
r e s p e c t i v e l y . F r a c t i o n IV - 2-B proved to be a mixture of two 
monocyclic C-j^^ a c i d s (by mass spectrometry) while f r a c b i o n IIT-
2-C was found to c o n s i s t l a r g e l y of a C^^ a l i c y c l i c a c i d of i s o -
p r e n o i d s t r u c t u r e (4,8-dimethylpelargonic a c i d ; c f . Chap. 5 ) • 
The s e p a r a t i o n s o u t l i n e d above are summarized i n the 
flo w s h e e t . Table 3 - 1 . 
P u r i f i c a t i o n of F r a c t i o n IV - 2-C 
I t i s of i n t e r e s t t h a t although i n j e c t i o n of f r a c t i o n 
I V - 2-C on the s i l i c o n e column g i v e s only one symmetrical band 
( c f . F i g u r e 3 - 3 , Curve A), a t h i r d chromatography of t h i s 
f r a c t i o n on the p a r t i t i o n i n g agent o r i g i n a l l y used (N.P.G.S.) 
p e r m i t t e d e l i m i n a t i o n of a t l e a s t two minor i m p u r i t i e s ( c f . 
F i g u r e 3 - 3 , Curve B ) , * U nfortunately, although the f r a c t i o n 
« 
T h i s type of behavior has been noted r e g u l a r l y 
i n s e p a r a t i o n of the naphthenic e s t e r s . The d i f f e r e n c e 
i n b e h a v i o r i n chromatographing f r a c t i o n I V - 2 and f r a c t i o n 
IV - 2-C on N.P.G-S. i s a s c r i b e d to the f a c t t h a t i n the 
ca s e of f r a c t i o n I V - 2 the chromatography i s not a c t u a l l y 
on N.P.G.S. but r a t h e r on N.P.G.S. i n which a r e d i s s o l v e d 
the s e v e r a l component naphthenates separated i n the chroma-
tography shown i n t r a c i n g 3 - 2 . 
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Table 5-1 
Flow Sheet f o r Separ a t i o n of F r a c t i o n IV 
Methyl naphthenate mixture 
F r a c t i o n a l d i s t i l l a t i o n 
F r a c t i o n IV-2 (bop. 107-118^/11.5 mm.) 
(12.7 g.) 
V.P.C. s e p a r a t i o n on 
N.P-G.S. 
F r a c t i o n IV-1 
(0.75 S-) 
F r a c t i o n IV-2 
(1-4 g.) 
1, F r a c t i o n 17-3 (7.0 g.) 
(1 ) Urea adduction 
( 2 ) V.P.C. s e p a r a t i o n 
on s i l i c o n e 
F r a c t i o n IV-2-B 
(130 mg.) 
F r a c t i o n IV-2-C 
(70 mg.) 
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Legend to F i g u r e 3-5 
V.P.C. t r a c i n g s of f r a c t i o n IV-2-C on two d i f f e r e n t 
p a r t i t i o n i n g agents. 
Curve A; 
Column, 10 f t . X 3/8 i n . , packed with 20% s i l i c o n e 
g rease SE-30 d i s p e r s e d on Chromosorb P; temp., 148°; 
helium flow r a t e , 200 ml. per min. 
Curve B: 
Column, 20 f t . x 3/8 i n . , packed with 10% N.P.G.S-
d i a p e r s e d on Chromosorb P; temp., 155^; helium flow 
r a t e , 170 ml. per min. 
^7 
so obtained i s chromatographically homogeneous, the mass spec-
trum i n d i c a t e d t h a t t h i s f r a c t i o n l a c k s much of being homo-
geneous ( f o u r molecular i o n s were observed i n the spectrum a t 
m/e 198, 200, 210 and 212). N e v e r t h e l e s s , a pure sample of 
^,8"dimethylpelargonic a c i d (the evidence f o r the s t r u c t u r e of 
t h i s a c i d w i l l be presented i n Chapter 5) could be i s o l a t e d 
from t h i s f r a c t i o n v i a r e c r y s t a l l i z a t i o n of the phthalimido-
phenacyl e s t e r d e r i v a t i v e . 
R ecently, F. Stodola (^) re p o r t e d a simple method of 
prep a r i n g the phenacyl d e r i v a t i v e s of c a r b o x y l i c a c i d s . T h i s 
method i n v o l v e s heating the c a r b o x y l i c a c i d with one eq u i v a l e n t 
of a phenacyl bromide (p-phthalimidophenacyl bromide) f o r about 
5 min. i n presence of 1.2 eq u i v a l e n t of d i c y c l o h e x y l e t h y l a m i n e 
(DICE) or some other h i g h l y hindered base. The advantages of 
t h i s method are short r e a c t i o n time, mild non-acidic conditions, 
high y i e l d and ease of micromanipulation. The disadvantage of 
t h i s d e r i v a t i v e i s t h a t , owing to i t s high molecular weight, 
the parent i o n might prove d i f f i c u l t to observe i n the mass 
spectrometer. Therefore, the mass spectrum of a model com-
pound (£-phthalimidophenacyl e s t e r of 2 - c y c l o p e n t y l v a l e r i c 
a c i d ) was f i r s t s t u d i e d . F o r t u n a t e l y , the molecular i o n of 
t h i s d e r i v a t i v e was observed although i t s r e l a t i v e i n t e n s i t y 
was v e r y s m a l l . 
The phthalimidophenacyl d e r i v a t i v e of f r a c t i o n IV-2-0-2 
was t h e r e f o r e prepared and the c r y s t a l s obtained were r e c r y s -
t a l l i z e d f o u r times from aqueous acetone. I t i s of i n t e r e s t 
to n o t i c e t h a t although a f t e r each r e c r y s t a l l i z a t i o n s t e p 
the c r y s t a l s obtained melted w i t h i n a range of 1 to 1,5 
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degrees, the mass s p e c t r a i n d i c a t e fcnat an i m p u r i t y from a 
monocyclic C^-j^ compoimd i s present along with the major com-
ponent (C^2 fi^licyclic a c i d ) . F o r t u n a t e l y , t h i s impurity 
could be removed r a t h e r e f f e c t i v e l y by the stepwise r e c r y s -
t a l l i z a t i o n - Judging from the mass spectrum, the best sample 
obtained ( a f t e r 4 r e c r y s t a l l i z a t i o n s ) was contaminated by a 
n e g l i g i b l e amoimt of t h i s impurity- The evidence f o r a s s i g n -
ment of s t r u c t u r e to t h i s a c i d w i l l be presented i n Chapter 5. 
P u r i f i c a t i o n of F r a c t i o n IV-2-B 
Although a s i n g l e symmetrical band was obtained when 
f r a c t i o n IV-2-B was chromatographed on e i t h e r s i l i c o n e or 
N.P.G.s. colujnn the mass spectrum of t h i s f r a c t i o n i n d i c a t e d 
the presence of at l e a s t two compounds (two molecular ions 
with equal i n t e n s i t y - w e r e observed a t m/e 196 and 198). Thus, 
the amide d e r i v a t i v e of t h i s f r a c t i o n was prepared i n an 
attempt to separate one component by r e c r y s t a l l i z a t i o n . Un-
f o r t u n a t e l y , no s i g n i f i c a n t p u r i f i c a t i o n could be achieved by 
t h i s method; there remained two parent peaks of about equal 
i n t e n s i t y i n the mass spectrum of the r e c r y s t a l l i z e d amide of 
m,p. 131-133^. T h i s probably was due to the tendency of 
amides i n g e n e r a l to form mixed c r y s t a l s . I n any case, other 
e f f o r t s were made to improve the s e p a r a t i o n procedure-
A p r e l i m i n a r y i n v e s t i g a t i o n was undertaken i n order 
to l e a r n whether i n c r e a s i n g the e f f i c i e n c y of the column used, 
by lowering the chromatography temperature, can improve the 
r e s o l u t i o n of t h i s complex mixture. Thus, f r a c t i o n IV-2 was 
chromatographed on the same s i l i c o n e column at lower tempera-
ture (about 20^ l o w e r ) . Under these c o n d i t i o n s , band B was 
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r e s o l v e d i n t o two bands (compare Fi g u r e 3-2, Cxirve A, with 
F i g u r e 3-4, Curve A). However, when the l i n e a r a c i d was 
removed v i a u r e a adduction t h i s band became one broad band. 
T h i s i n d i c a t e s t h a t a t l e a s t two compounds w i t h about equal 
c o n c e n t r a t i o n s a r e present i n band B. These two bands were 
c o l l e c t e d as i n d i c a t e d i n F i g u r e 3-4, Curve A. The c o l l e c t e d 
f r a c t i o n s , IV-2-B' and IV-2-B", were t r e a t e d with urea i n order 
to s e p a r a t e any contaminating s t r a i g h t - c h a i n e s t e r and r e c h r o -
matographed on an N.P.G.S. column. The major band-s from these 
two f r a c t i o n s (IV-2-B'-2 and I V - 2 - B " - l ) were c o l l e c t e d as i n d i -
c a t e d i n F i g u r e 3-4, Curves B and C. 
The mass s p e c t r a of the two f r a c t i o n s d e s c r i b e d above 
i l l u s t r a t e the complexity of naphthenic a c i d mixtures as w e l l 
as the e f f e c t i v e n e s s of m u l t i p l e gas chromatography. Although 
two m o l e c u l a r i o n s with equal i n t e n s i t y were observed i n the 
mass spectrum of f r a c t i o n IV-2-B ( a t m/e 196 and 198 as men-
t i o n e d above), the peak a t m/e 196 was n e g l i g i b l e i n the mass 
s p e c t r a of both IV-2-B»-2 and IV- 2 - B " - l ( c f . F i g u r e s 3-5 and 
3- 6 ) . These mass s p e c t r a a l s o i n d i c a t e t h a t these two f r a c -
t i o n s , IV-2-B*-2 and I V - 2 - B " - l , are two d i f f e r e n t C^ ^^  mono-
* 
c y c l i c a c i d s . 
The a c i d obtained by h y d r o l y s i s of f r a c t i o n IV-2-B*-2 
was c o n v e r t e d to the p-phthalimidophenacyl e s t e r and the 
product was r e c r y s t a l l i z e d from aqueous acetone (m.p. 167-
*The moleculeir i o n s a t m/e 198 i n d i c a t e the methyl 
e s t e r s of monocyclic C n a c i d s (no s i g n i f i c a n t a bsorption 
was d e t e c t e d i n the u l t r a v i o l e t spectrum above 195 niu) -
The abundance of the peaks a t m/e 109 and 95 suggest t h a t 
t h e s e two e s t e r s have d i f f e r e n t s t r u c t u r e s (compaa?e F i g u r e s 
3-5 and 3-6). 
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Legend to F i g u r e 3-4 
V.P.C. t r a c i n g s of f r a c t i o n s IV-2, IV-2-B', and IV-2-B" 
Curve A: 
F r a c t i o n IV-2. Column, 10 f t . x 3/8 i n . , packed with 
20% s i l i c o n e grease SE-30 d i s p e r s e d on Chromosorb P; 
temp., 150*^; helium flow r a t e , 150 ml. per min. 
Curve B: 
F r a c t i o n IV-2-B'. Column, 20 f t x 3/8 i n . , packed with 
10% N.P.G.S. d i s p e r s e d on Chromosorb P; temp,, 138°; 
helium flow r a t e , 180 ml. per min. 
Curve C: 
F r a c t i o n IV-2-B". Same chromatographic c o n d i t i o n s as 
Curve B. 
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m/e 
Legend to F i g u r e 3-3 
Mass spectrum of f r a c t i o n IV-2-B*-2 
Peaks of i n t e r e s t 
Remarks 
198 Molecular i o n i n d i c a t i n g a monocyclic C,, 
a c i d 
183 M-15 i n d i c a t i n g l o s s of a methyl group 
from the molecule 
125 M-73 i n d i c a t i n g l o s s of -CH2-COCH5 
109 M-15-74 Probably due to fragment obtained 
by l o s s of the rearrangement fragment from 
M-I5 fragment 
7^ The rearrangement peak i n d i c a t i n g the 
presence of an u n s u b s t i t u t e d methylene 
group a to the c a r b o x y l a t e group and a t 
l e a s t one hydrogen atom a t the Y - p o s i t i o n . 
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m/e 
Legend to F i g u r e 3-6 
Mass spectrum of f r a c t i o n IV - 2-B"-l 
Peaks of i n t e r e s t 
Remarks 
198 Molecular i o n i n d i c a t i n g a monocyclic C-,-, 
a c i d -^-^  
183 M-15 s m a l l e r than t h a t of f r a c t i o n IV - 2-B ' - 2 
125 M-73 i n d i c a t i n g l o s s of -CH2-CO2CHJ 
109 M-15-74 c o n s i d e r a b l y s m a l l e r than t h a t of 
f r a c t i o n IV -2-B*-2 
95 M-:29-74 probably obtained by l o s s of the 
rearrangement fragment from the M-29 fragment; 
t h i s suggests the presence of an e t h y l group.* 
74 The rearrangement peak 
D e t a i l e d d i s c u s s i o n of mass s p e c t r a w i l l be given i n 
Chapter 6-
100 
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Legend to F i g u r e 3-7 
Mass spectriim of the p-phthalimidophenacyl d e r i v a t i v e 
of f r a c t i o n IV-2-B'-2 
Peaks of I n t e r e s t 
m/e Remarks 
447 M, the molecular i o n . 
432 M-I5, Loss of methyl group from the molecule i o n . 
323 The rearrangement peak. 
250 The base peak; see Chapter 5. 
222 250-CO; see Chapter 5 f o r the i n t e r p r e t a t i o n 
of t h i s peak. 
1 0 0 
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170°). Despite the f a c t t h a t one molecular i o n could be ob-
served i n the mass spectrum of t h i s compound ( c f . F i g u r e 3-7), 
the p o s s i b i l i t y of the presence of some impurity from the 
other isomer cannot be e l i m i n a t e d . I n v e s t i g a t i o n of these 
compoimds was not pursued a t t h i s time, p a r t l y because of the 
l a c k of evidence that a pure compound was secured and p a r t l y 
because the i s o l a t i o n of a s u f f i c i e n t amount of these f r a c t i o n s 
f o r s t r u c t u r e determination v i a degradative procedures would be 
a formidable t a s k ( c f . Table 3-2). I t seems bes t to await 
accumulation of more knowledge of the mass s p e c t r a of c y c l i c 
compounds of t h i s type. 
Table 3-2 summarizes the s e p a r a t i o n s d i s c u s s e d above. 
The I s o l a t i o n of 3-Ethyl - 4-Methylcyclo-
p e n t y l a c e t i c Acid ( F r a c t i o n I I I - 2 - A ) 
The geometrical isomers of the methyl e s t e r of 5 - e t h y l -
^ - m e t h y l c y c l o p e n t y l a c e t i c a c i d ( e l u c i d a t i o n of s t r u c t u r e to be 
presented i n Chapter 7) were i s o l a t e d from f r a c t i o n I I I ( c o l -
l e c t e d i n the range of 97° to 1 0 7 °/II.5 mm.). T h i s d i s t i l l e d 
f r a c t i o n was about 5% of the t o t a l methyl naphthenate mixture 
( c f . Table 2-1) . A f t e r the attempt a t s i m p l i f y i n g t h i s f r a c -
t i o n v i a t h i o i i r e a adduction had f a i l e d , the s e p a r a t i o n of i t s 
components by V-P.C. was xindertaken. 
F i g u r e 3-8 i s a V.P.G. t r a c i n g of t h i s f r a c t i o n , u s i n g 
a n e o p e n t y l g l y c o l s u c c i n a t e p o l y e s t e r column. Although the 
The m e l t i n g point range could be due e i t h e r to im-
p u r i t i e s or polymorphism. No t e s t s were made to e l i m i n a t e 
the l a t t e r p o s s i b i l i t y , s i n c e the q u a n t i t y a v a i l a b l e was so 
s m a l l . 
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Table 5-2 
Plow Sheet f o r the Se p a r a t i o n of F r a c t i o n IV-2 
F r a c t i o n IV-2 
( 1 . ^ g.) 
V.P.C. s e p a r a t i o n on s i l i c o n e 
( F i g u r e 3-4, Curve A) 
F r a c t i o n IV-2-B 
(100. mg.) F r a c t i o n IV-2-B" (135 mg.) 
treatment with urea 
to remove i m p u r i t i e s 
from the s t r a i g h t -
c h a i n a c i d 
(90 mg) 
V.P.C. s e p a r a t i o n on NoP.G.S. 
1 IV-2-B•-1 IV-2-B'-2 IV-2-B'-3 
(25 mg.) (33 mg.) (4 mg.) 
£-phthalimidophenacyl 
d e r i v a t i v e 
(6 mg.) 
(40 mg.) 
IV-2 - B " - l IV-2-B"-2 
(5 mg.) 
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21-min, band i s the most abundant and best r e s o l v e d one, i t 
c o n s i s t s mostly of the methyl e s t e r of n-nonanoic a c i d . On 
the other hand, the 33-min, band, which has the same r e t e n t i o n 
time as f r a c t i o n l V - 2 on the N.P.G.S. column, gave a t r a c i n g 
on a s i l i c o n e column which i n d i c a t e d that t h i s baind c o n t a i n s 
a r a t h e r complex mixture of a c i d s with a s l i g h t l y s h o r t e r span 
of r e t e n t i o n times thaji f r a c t i o n I V - 2 . For t h e s e reasons, 
these two bands were not c o l l e c t e d . 
The 29-5-min. band was s e l e c t e d f o r t h i s i n v e s t i g a t i o n , 
not only because i t i s f a i r l y w e l l separated from the other 
components, but a l s o because i t s r e t e n t i o n time suggested t h a t 
i t might c o n t a i n a c i d s with t e n carbon atoms. A.B shown above, 
a l l the a c i d s i s o l a t e d from the l o n g e r - r e t e n t i o n - t i m e bands 
( f r a c t i o n s I V - 2 and V - 2 ) , except n-decanoic a c i d , proved to 
c o n t a i n eleven carbons. 
F i g u r e 3 - 8 , Curve B, i s a V.P.C. t r a c i n g of 50 u l - of 
t h i s f r a c t i o n . Despite i n j e c t i o n of t h i s l a r g e amount, no 
s i g n i f i c a n t l o s s i n the r e s o l u t i o n of the d e s i r e d band was 
observed (compare F i g u r e 3 - 8 , Curves A and B ) - Therefore, 
the band of i n t e r e s t was c o l l e c t e d as i n d i c a t e d i n F i g u r e 3 - 8 , 
Curve B. The f r a c t i o n obtained ( I I I - 2 ) was about 5% of the 
d i s t i l l a t i o n f r a c t i o n (0.25% of the naphthenate m i x t u r e ) . As 
u s u a l l y noted w i t h naphthenic a c i d s , when t h i s f r a c t i o n was 
r e - i n J e c t e d on the same column under the same c o n d i t i o n s only 
one s i n g l e symmetrical band was obtained. On the other hand, 
chromatography of the same m a t e r i a l using a s i l i c o n e column 
i n d i c a t e d the presence of a t l e a s t f i v e components i n t h i s 
f r a c t i o n ( c f . Figxire 3 -9 i Curve A ) . The f r a c t i o n obtained by 
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Legend to F i g u r e 3-8 
V.P.C. t r a c i n g s of F r a c t i o n I I I 
Column, 20 f t - x 3/8 i n . , 10% N.P.G.S. d i s p e r s e d on 
Chromosorb P; tempo, 140°; helium flow r a t e , 180 ml 
per min. 
Curve A Curve B 
6 u l . 50 VLl . 
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Legend to F i g u r e 5-9 
V.P.C. t r a c i n g s of F r a c t i o n s I I I - 2 and I I I - 2 - A 
Curve A: 
F r a c t i o n I I I - 2 - Column, 10 f t . x 3/8 i n . , packed with 
20% s i l i c o n e , grease d i s p e r s e d on Chromosorb P; temp., 
1^3^\ helium flow r a t e , 150 ml. per min. 
Curve B; 
F r a c t i o n I I I - 2 - A . Column, 20 f t . x 3/8 i n . , packed w i t h 
10% N.P.G.S. d i s p e r s e d on Chromosorb P; temp., 121*^; 
helium flow r a t e , 180 ml. per min. 
Curve_C: 
F r a c t i o n I I I - 2 - A ; ssone column as i n Curve A? temp., 
1^5°; helivim flow r a t e , 170 ml. per min. 
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c o l l e c t i n g band A as i n d i c a t e d i n Fig u r e 5 - 9 , Curve A ( f r a c -
t i o n I I I - 2 - A ) was about 3 0 % of f r a c t i o n I I I - 2 (0.075% of the 
naphthenate mixt\ire) . 
When f r a c t i o n I I I - 2 - A was chromatographed on d i f f e r e n t 
p a r t i t i o n i n g agents (N.P.G.S. a n a l y t i c a l and p r e p a r a t i v e c o l -
iimns, s i l i c o n e and c y a n o s i l i c o n e ) one symmetrical band was 
d e t e c t e d ( s e e F i g u r e 3 - 9 , Curves B and C ) . Moreover, the mass 
spectrum i n d i c a t e d t h a t t h i s f r a c t i o n c o n s i s t s mostly of a 
monocyclic C^Q a c i d (molecular i o n a t m/e 1 8 4 ) . I m p u r i t i e s 
from a monocyclic C^ ^^  a b i c y c l i c C^^ a c i d were detected 
( s m a l l peaks appeared at m/e 1 8 2 and 1 9 8 ) ; however, these com-
ponents could be e l i m i n a t e d by r e c r y s t a l l i z a t i o n of the £- ' 
phthalimidophenacyl e s t e r d e r i v a t i v e (only one molecular i o n 
a t 4 3 5 was o b s e r v e d ) . 
I n s p i t e of these i n d i c a t i o n s of homogeneity, f u r t h e r 
i n v e s t i g a t i o n of t h i s f r a c t i o n shov;ed t h a t the p r i n c i p a l com-
ponent i s a mixture of the geometrical isomers of 5 - e t h y l - 4 -
m e t h y l c y c l o p e n t y l a c e t i c a c i d . T h i s mixture of stereoisomers 
was converted to a, 3-unsaturated e s t e r s which could be sepa-
r a t e d by V.P.C. The evidence f o r the s t r u c t i i r e of these a c i d s 
i s p r e s e n t e d i n Chapter 7 . 
I t has been mentioned i n Chapter 2 t h a t the methyl 
e s t e r s of the naphthenic a c i d s were prepared by b o i l i n g the 
a c i d s under r e f l u x w ith excess methanol i n presence of s u l -
f u r i c a c i d as a c a t a l y s t . I n order to e l i m i n a t e the p o s s i -
b i l i t y of a c i d - c a t a l y z e d i s o m e r i z a t i o n (e.g., double-bond 
i s o m e r i z a t i o n o r opening of a three-membered r i n g ) the methyl 
e s t e r s were a l s o prepared from t h e i r s i l v e i r s a l t s by treatment 
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with methyl iodide ( 5 ) - The components of i n t e r e s t to t h i s 
i n v e s t i g a t i o n were i s o l a t e d i n the same manner as d e s c r i b e d 
i n Chapter 2 and i n - t h e present chapter. I n a l l c a s e s the 
components separated from e s t e r s prepared by the a c i d -
c a t a l y z e d p r o c e s s were i d e n t i c a l with the corresponding com-
ponents i s o l a t e d from e s t e r s obtained from the naphthenic 
a c i d s v i a t h e i r s i l v e r s a l t s . 
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Experimental 
P r e p a r a t i o n of Methyl Naphthenates 
v i a T h e i r S i l v e r S a l t s 
I n a t w o - l i t e r , round-bottomed f l a s k f i t t e d with.a 
mechanical s t i r r e r (no s e a l ) were p l a c e d 500 ml. of water and 
100 g. of naphthenic a c i d s (without p u r i f i c a t i o n ) . About 6 N 
potassium hydroxide was added to the hot mixture u n t i l a pH of 
about 10 was reached- To the hot potassium naphthenate s o l u -
t i o n (steaim bath removed), there was added, dropwise with 
s t i r r i n g , a s o l u t i o n of 10 N s i l v e r n i t r a t e u n t i l complete 
p r e c i p i t a t i o n of the s i l v e r s a l t had occurred. The hot mix-
t u r e was s t i r r e d v i g o r o u s l y f o r an a d d i t i o n a l 15 min., then 
co o l e d i n water, with s t i r r i n g , to room temperature. The s i l -
v e r s a l t was c o l l e c t e d on a Btlchner f u n n e l , washed w i t h water 
s e v e r a l times and d r a i n e d w e l l with p r e s s i n g . The s a l t was 
r e t u r n e d to the f-lask and s t i r r e d f o r about 5 min- w i t h about 
300 ml. of methanol, then f i l t e r e d again, washed w i t h a l i t t l e 
methanol and dr a i n e d w i t h p r e s s i n g - The s o l i d was d r i e d i n a 
vacuiim oven at 4 5 ° u n t i l a constant weight was obtained. 
To the s i l v e r s a l t obtained above there was added some 
c l e a n sand as a d i s p e r s i n g agent. To t h i s mixture t h e r e was 
added s l o w l y w i t h s t i r r i n g one l i t e r of n-pentane. A g e l a t i -
nous s o l u t i o n was obtained to which about 170 g. of methyl 
i o d i d e were added. The r e a c t i o n mixture was s t i r r e d v igorous-
l y (magnetic s t i r r e r ) f o r 30 min. and then l e f t without s t i r -
r i n g a t room temperature f o r 12 hours. The p r e c i p i t a t e d s i l v e r 
i o d i d e was removed by f i l t r a t i o n , then the solvent as w e l l as 
the e x c e s s methyl i o d i d e were d i s t i l l e d a t atmospheric pressvire. 
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The l a s t t r a c e s of s o l v e n t were removed i n vacuum by means of 
a r o t a r y evaporator. There was obtained 90 g- of the methyl 
e s t e r . I n subsequent runs, the a c i d s were f r a c t i o n a l l y d i s -
t i l l e d and only the l o w - b o i l i n g f r a c t i o n (up to 165 ° / 5 nm.) 
was converted to the methyl e s t e r . The f r a c t i o n s i n the C^Q' 
and C^^ range obtained by d i s t i l l a t i o n of t h i s e s t e r were 
i d e n t i c a l to those obtained without d i s t i l l a t i o n of the a c i d . 
F r a c t i o n a l D i s t i l l a t i o n 
of the Methyl E s t e r s 
The methyl e s t e r s of the naphthenic a c i d mixture were 
f r a c t i o n a l l y d i s t i l l e d through a 2 - f t . Podbielniak-type column 
( 6 ) . 
F r a c t i o n B.P. range, 11*5 mn-
I I I 97-107° 
IV 107-118° 
V.P.C. S e p a r a t i o n 
The V.P.C s e p a r a t i o n s of f r a c t i o n s I I I and IV were 
c a r r i e d out with the sajne apparatus and columns d e s c r i b e d i n 
Chapter 2. S p e c i f i c d e t a i l s are i n c l u d e d i n the legends to 
f i g u r e s i n the present chapter. 
Mass S p e c t r a 
The mass s p e c t r a reported i n t h i s chapter were ob-
t a i n e d on a Consolidated Electrodynamics Corporation mass 
spectrometer (model 21-103C) with the g l a s s i n l e t heated to 
about 180° and the i o n i z i n g v o l t a g e maintained at 70 eV. 
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Use of T h i o u r e a f o r 
F r a c t i o n s I V and I I I 
To 15 ml. of a s a t u r a t e d s o l u t i o n of t h i o u r e a i n methyl 
a l c o h o l t h e r e was added 5 g- of f r a c t i o n I V and 1 . 5 ml. of 
cyclohexane. A white c r y s t a l l i n e adduct was p r e c i p i t a t e d im-
* 
m e d i a t e l y a f t e r the a d d i t i o n of cyclohexane. The r e a c t i o n 
mixture was shaken w e l l , then kept overnight a t room tempera-
t u r e . The white needle-shaped c r y s t a l s were separated from 
the mother l i q u o r by f i l t r a t i o n and washed s e v e r a l times w i t h 
a few ml. of cyclohexane. The adduct was then decomposed by 
water and the l i b e r a t e d e s t e r was e x t r a c t e d t h r e e times w i t h 
e t h e r . The e t h e r e a l e x t r a c t was d r i e d over anhydrous magne-
sium s u l f a t e and the s o l v e n t was removed by d i s t i l l a t i o n to 
y i e l d 0 . 5 S* of methyl naphthenate. The V.P.C. t r a c i n g of 
the l i b e r a t e d e s t e r was s i m i l a r to the u n t r e a t e d one. 
S i m i l a r r e s u l t s were obtained when f r a c t i o n I I I was 
t r e a t e d i n the same manner. 
P r e p a r a t i o n o f p-Phthalimidophenacyl 
D e r i v a t i v e of 2 - C y c l o p e n t y l v a l e r i c Acid 
A sample of 57 nig. of 2 - c y c l o p e n t y l v a l e r i c a c i d was 
d i s s o l v e d i n a mixture of 8 ml. of acetone (reagent grade) 
and 2 ml. of p u r i f i e d dimethylformamide ( 7 ) . To t h i s s o l u t i o n 
t h e r e was added 114.6 mg, of £-phthalimidophenacyl bromide and 
75 fflg- of t r i s - 2 - h y d r o x y p r o p y l a m i n e [ " t h i s base i s reported to 
be a s good a s DICE ( 8 ) " ] . The r e a c t i o n mixture was heated a t 
90^ f o r 5 min., then the c l e a r s o l u t i o n was cooled to room 
I n another run the n e e d l e - l i k e p r e c i p i t a t e was 
formed even b e f o r e a d d i t i o n of cyclohexane; however, the 
r e s u l t s were the same. 
6^ 
temperature, and about 70 ml. of 2 N HCl was added dropwise. 
On a d d i t i o n of water white c r y s t a l s were p r e c i p i t a t e d . The 
product was r e c r y s t a l l i z e d frota aqueous acetone (about 80% 
acetone to 20% water by voliame) to y i e l d 105 n^ S- of the 
£-phthalimidophenacyl d e r i v a t i v e , m.p. 1 5 5 * 5 - 1 5 7 ° . 
p-Phthalimidophenacyl E s t e r 
of F r a c t i o n IV - 2-C - 2 
A sample of 4 4 . 5 mg. of f r a c t i o n IV-2-C-2 was hydrolyzed 
by h e a t i n g under r e f l x i x w ith a s o l u t i o n of 1 .5 ml. of 15% potas 
sium hydroxide and 3 ml. of methanol. The a c i d i s o l a t e d a f t e r 
s a p o n i f i c a t i o n was added to a s o l u t i o n of 56 .8 mg. of d i c y c l o -
hexylethylamine (DICE) and 77*5 mg. of £-phthalimidopehacyl 
bromide i n a mixture of 8 ml. of acetone and 2 ml. of dimethyl-
formamide. Working up as i n d i c a t e d above y i e l d e d 100 mg. of 
crude £-phthalimidophenacyl d e r i v a t i v e . The product was r e -
c r y s t a l l i z e d from aqueous acetone (m-p. 1 0 9 « 5 - 1 1 1 « 5 ° ) • A 
second r e c r y s t a l l i z a t i o n r a i s e d the m.p. to 1 1 0 . 5 - 1 1 2 ° . The 
mass spectrum of t h i s t w i c e - c r y s t a l l i z e d m a t e r i a l i n d i c a t e d 
the presence of a small amount of the e s t e r from a monocyclic 
*^ 11 a d d i t i o n a l r e c r y s t a l l i z a t i o n s of t h i s m a t e r i a l 
y i e l d e d a r a t h e r homogeneous d e r i v a t i v e of the a c y c l i c C^ ^^  
a c i d . 
p-Phthalimidophenacyl E s t e r 
of F r a c t i o n I V - 2-B ' - 2 
A 35-iDg. sample of f r a c t i o n IV - 2-B * - 2 was hydrolyzed 
and the a c i d obtained v/as converted to the £-phthalimidophena-
c y l d e r i v a t i v e . The crude product was r e c r y s t a l l i z e d twice 
from aqueous acetone to y i e l d 5 mg. of t h i s d e r i v a t i v e , m.p. 
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167-170°. I n the mass spectrum, only one molecular i o n was 
d e t e c t e d , m/e 447-
p-Phthalimidophenacyl D e r i v a t i v e 
of F r a c t i o n I I I - 2 - A 
A sample of 17 mg. of the a c i d obtained by h y d r o l y s i s 
of f r a c t i o n I I I - 2 - A was converted to the £-phthalimidophenacyl 
e s t e r (54.4 mg. of £-phthalimidophenacyl bromide and 28 mg. of 
DICE i n the same s o l v e n t i n d i c a t e d above). I t i s n e c e s s a r y to 
hea t the mixture f o r 10 min. i n order to get a good y i e l d . 
The product obtained was r e c r y s t a l l i z e d from aqueous acetone 
( 6 5 % by volume acetone) to y i e l d 10 mg. of the d e r i v a t i v e 
(m.p. 155-156.5°). 
P r e p a r a t i o n of the Amide 
D e r i v a t i v e of F r a c t i o n IV - 2-B 
A sample of 100 mg. of f r a c t i o n IV - 2-B was converted 
to the amide by the same procedure d e s c r i b e d i n d e t a i l i n 
Chapter 2 . The y e l l o w i s h brown o i l obtained at the beginning 
was not s o l i d i f i e d by c o o l i n g a t 0° f o r two days- When t h i s 
o i l y product was d i s s o l v e d on a d d i t i o n of excess dioxand to 
the r e a c t i o n mixture, and the dioxane was evaporated by means 
of a r o t a r y evaporator, a c r y s t a l l i n e m a t e r i a l was p r e c i p i t a t e d 
T h i s product was r e c r y s t a l l i z e d from aqueous acetone to y i e l d 
5 mg. of the amide ( c r y s t a l s separated o n l y a f t e r the solution 
had been c o o l e d f o r 12 hours a t 0°), m.p. 151-153° ( s o f t e n s a t 
129^)• The mass spectrum i n d i c a t e d t h a t no s i g n i f i c a n t p u r i f i -
c a t i o n was accomplished by t h i s method. 
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S e p a r a t i o n of Methyl E s t e r of n-Decanoic 
Acid from F r a c t i o n 17-2 by Urea Adduction 
A sample of 300 mg. of f r a c t i o n IV-2 was t r e a t e d with 
urea t h r e e times i n the same way d e s c r i b e d i n d e t a i l i n Chap-
t e r 2. T h i r t y - f i v e per cent of t h i s f r a c t i o n did not form an 
adduct w i t h urea. Decomposition of the adduct w i t h water 
y i e l d e d the methyl e s t e r of n-decanoic a c i d . 
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CHAPTER 4 
NORMAL FATTY ACIDS ISOLATED FROM NAPHTHENIC ACIDS 
Apparently, a l l workers who have s t u d i e d petroleum 
a c i d s w ith l e s s than ten carbons have reported the occur-
rence of the lower f a t t y a c i d s . F o r example, among o t h e r s , 
Markownikoff and C g l o b i n ( 1 ) , i n 1883, mentioned i s o l a t i o n 
of a c e t i c a c i d and presence of some higher f a t t y a c i d s i n 
f r a c t i o n s obtained on d i s t i l l a t i o n of Caucasian crude o i l . 
R i c h t e r and co-workers, i n 1935 ( 2 ) , reported the i s o l a t i o n 
and i d e n t i f i c a t i o n of n-heptanoic, n-octanoic and n-nonanoic 
a c i d s from West Texas c r a c k i n g - p r o c e s s m a t e r i a l . * H. Lochte 
and co-workers (3,4) i s o l a t e d and i d e n t i f i e d the low members 
of the f a t t y a c i d s e r i e s , from C^ to Cg, from a c i d s e x t r a c t e d 
from g a s o l i n e and kerosene f r a c t i o n s of C a l i f o r n i a ( S i g n a l 
H i l l ) petroleum. 
Although no branched-chain or c y c l i c naphthenic a c i d 
with more than ten carbon atoms has been i s o l a t e d i n a pure 
s t a t e from naphthenic a c i d mixtures p r i o r to the p r e s e n t work, 
Tanaka and Kuwata ( 5 ) , i n 1928, r e p o r t e d the i s o l a t i o n and 
i d e n t i f i c a t i o n of m y r i s t i c , p a l m i t i c , s t e a r i c , and a r a c h i d i c 
a c i d s , which were separated as s o l i d s from f r a c t i o n s of 
I s h i k a r i petroleum. These same a c i d s were l a t e r i s o l a t e d by 
P i l a t and Holzmann ( 6 ) from Boryslaw a c i d s , but Tyutyunikov 
and Pervukhina ( 7 ) f a i l e d to i s o l a t e any of them from Baku 
a c i d s . 
* F a t t y a c i d s i n t h i s case may or may not be formed 
during the c r a c k i n g process-
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Although s t r a i g h t - c h a i n a c i d s with nine or l e s s and 
w i t h 14 or more carbons have been separated, the C^Q to C^ ^^  
f a t t y a c i d s , as f a r as could be determined, have not been 
i s o l a t e d from petroleum. I n the present work G^^Q, C^^ and 
C^2 iiormal a c i d s were separated and c h a r a c t e r i z e d . 
Schmitz ( 8 ) , during h i s p r e l i m i n a r y examination of the 
p r e s e n t l y i n v e s t i g a t e d a c i d s , f a i l e d to separate any s t r a i g h t -
c h a i n a c i d by p e r c o l a t i n g a s o l u t i o n of naphthenic a c i d s 
through a column packed with u r e a . However, subsequent i n v e s -
t i g a t i o n s i n d i c a t e d the presence of normal f a t t y a c i d s among 
the components o f these naphthenic a c i d s . 
I t has been mentioned i n Chapter 2 t h a t 74 per cent 
of f r a c t i o n V-2-C-2 formed an adduct with u r e a . T h i s i n d i c a t e s 
t h a t most of t h i s f r a c t i o n i s a s t r a i g h t - c h a i n e s t e r or an 
e s t e r which has a long s i d e - c h a i n . * The N.M.R. spectriim of 
t h i s f r a c t i o n (V-2-C-2 a f t e r p u r i f i c a t i o n v i a urea adduction 
method) l e a v e s no doubt t h a t i t i s a s t r a i g h t - c h a i n e s t e r ( c f . 
T a b l e 4 - 1 ) . The t r i p l e t a t about T 7-78 ( w i t h an are a c o r r e -
sponding to two protons with r e f e r e n c e to the sharp s i n g l e t 
band a t about T 6.4 as t h r e e protons of the carbomethoxy 
group) i n d i c a t e s the absence o f s u b s t i t u e n t s on the 2 and 3 
p o s i t i o n s . The l a r g e band a t r 8.7 i s due to the methylene 
groups i n an open-chain e s t e r ; and the unsymmetrical t r i p l e t 
A c cording to L i n s t e a d ( 1 0 ) , only e s t e r s with a 
s t r a i g h t c h a i n of 9 or more carbon atoms can form an adduct 
w i t h u r e a ( f o r t h i s purpose the carboxyl group i s counted as 
2 atoms). S i n c e f r a c t i o n V-2-C-2 i s a On a c i d the only 
o t h e r p o s s i b l e s t r u c t u r e s a r e : methyl e s t e r of 9 - or 8-
methyl decanoic a c i d s . However, the N.M.R. spectrum r u l e s 
out t h e s e p o s s i b i l i t i e s . 
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Number of 
protons 
Table 4-1 
N.M.R. Spectrum of Fraction V-2-C-2 
J Remarks 
3 ( s i n g l e t ) 6,42 
2 ( t r i p l e t ) 7-78 
16 (multiplet) 8-72 
3 ( t r i p l e t ) 9.1 
protons of the carbomethoxyl group 
a-methylene group 
methylene groups 
terminal methyl group 
at r 9.1 i s c h a r a c t e r i s t i c of the signal obtained from a methyl 
group at the end of a straight-chain ester ( 9 ) • 
Vapor-phase chromatography shows that f r a c t i o n V-2-C-2 
i s the methyl ester of n-undecanoic acid. When a known mix-
ture of the methyl esters of Cg, ^ I Q ' ^12 ^^ ^^ '•^  chro-
matographed on an N.P-G.S. column aind the retention times were 
plotted on a semilog paper a st r a i g h t l i n e r e s u l t e d ( c f . Figure 
4-1, Curve B). Chromatography of f r a c t i o n V-2-C-2 under the 
same conditions gave a single band with a retention time corre-
sponding to the ester of the C^^ ac i d . 
As expected from the s t r a i g h t l i n e i n Figure 2-1, the 
methyl ester of dodecanoic acid i s present in f r a c t i o n VI (b,p. 
range 130-157°/11.5 mm.)- This e s t e r was i s o l a t e d from t h i s 
f r a c t i o n by means of the urea adduction method (11). The 
ester obtained by decomposition of the urea adduct was p u r i -
f i e d by V.P.C. ( i t was contaminated with two other bands 
corresponding to esters of C^^ and C^j l i n e a r a c i d s ) . 
The N.M.R. spectrum of the ester obtained from 
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Legend to Figure 4-1 
Plot of the logarithm of the retention times of i s o l a t e d 
and authentic methyl esters of Cg, C^Q, C^^ and s^ci^is. 
Curve A: 
Methyl e s t e r s of the straight-chain acids separated from 
the naphthenic acids. The retention times were determined 
on a 20 f t . x 5/8 i n . , 10% N.P.G.S. column; temp., 165^; 
helium flow rate, 180 ml. per min. 
Curve B: 
Methyl es t e r s of authentic samples of Cg, C^Q, ajid 
acids ( c i r c l e s ) and f r a c t i o n V-2-C-2 (square). The 
retention times were obtained on the same column men-
tioned above- Temp., 159^; helium flow rate, 180 ml. 
per min. 
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f r a c t i o n VI i s c h a r a c t e r i s t i c for the straight-chain ester. 
The retention time of t h i s f r a c t i o n was i d e n t i c a l to the re-
tention time of an authentic sample of methyl dodecanoate. 
The amide derivative obtained by ammonolysis of the i s o l a t e d 
ester has the same melting point as the amide obtained from 
methyl dodecanoate i n the same manner; and the mixed melting 
point was not depressed. 
As mentioned i n Chapter 3» the methyl ester of decanoic 
acid was separated from f r a c t i o n IV-2 v i a urea adduction. The 
i s o l a t e d e s t e r has the same retention time as an authentic 
sample of methyl decanoate. When a mixture of the three i s o -
l a t e d e s t e r s was chromatographed and the retention times were 
plotted on a semilog paper (Figure 4-1, Cxirve A), a straight 
l i n e was obtained. This behavior again indicates that these 
three acids do, indeed, belong to a homologous s e r i e s . This 
leaves no reasonable doubt that the ester separated from 
f r a c t i o n IV-2 i s the methyl ester of decanoic acid. 
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Experimental 
Gas-Phase Chromatography 
The V.P-C. data recorded i n t h i s chapter were obtained 
using the same apparatus aind columns described i n d e t a i l i n 
Chapter 2. 
N.M.R* Spectra 
The N.M.R. spectra were determined on a Varian Model 
A-60 N.M.R. spectrometer. The spectra were run i n carbon 
tetrachloride as a solvent with tetramethylsilane as inter n a l 
reference. 
Separation of the Straight-chain 
Cj^2 Acid by Urea Adduction Method 
A sample of 2 g. of fr a c t i o n VI (b.p. 150-137^/11-1/2 
mm.) was added to a mixt\xre of 5 g. of urea and 20 ml, of 
methanol (reagent grade). This mixture was heated on a steam 
bath Tintil the urea dissolved. The solution was set aside at 
room temperature u n t i l the adduct had c r y s t a l l i z e d . The 
needle-like c r y s t a l l i n e adduct was separated by f i l t r a t i o n and 
washed with a few drops of methanol. 
To the f i l t r a t e there wias added 1.5 g. of urea and the 
mixture was processed i n the same way as described above. The 
adduct was separated from the mother liquor and washed three 
times with a few ml. of petroleiun ether. The petroleum ether 
was removed, the residue was added to the methanolic solution, 
and the l a t t e r was treated another time with virea. 
The combined s o l i d adduct was decomposed with 0.1 N 
HCl solution and the ester l i b e r a t e d was continuously 
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extracted f o r 5 hours with petroleum ether. The extract was 
washed once with water, dried over anhydrous magnesium s u l f a t e 
and the solvent was removed as usual to y i e l d 150 mg. of 
e s t e r . The product was p u r i f i e d by V.P.C. 
Preparation of Dodecanamide 
(a) From Authentic Sample of the Methyl E s t e r . - I n a t e s t 
tube, a 1/2-g. seimple of methyl laurate (Eastman Kodak Compainy) 
was dissolved i n about 5 i Q l ^ of methanol (reagent grade). The 
s o l u t i o n was cooled i n an i c e bath for 20 min., then gaseous 
ammonia was allowed to pass slowly through t h i s solution for 
15 min. The tube was covered with a syringe cap which was 
secured with a piece of wire. The reaction mixtiire was kept 
at room temperature for 5 days during which ammonia gas was 
allowed to pass through for 15 min. each two days. The solu-
t i o n was f i l t e r e d and the amide was r e c r y s t a l l i z e d from metha-
nol (m.p. 100.5-101.5°)-
(b) From the Isolated E s t e r . - The ester separated v i a 
urea adduction from f r a c t i o n VI was treated with ammonia i n 
the same manner described above. The melting point of the 
r e c r y s t a l l i z e d amide was the same as that of the amide obtained 
from methyl l a u r a t e . 
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CHAPTER 5 
STRUCTURE OP THE C^^ ISOPRENOID ACID AND 
SEARCH FOR THE C^^ ISOPRENOID ACID 
Structure of the Cj^^ Isoprenoid Acid 
The i s o l a t i o n of the C^^ isoprenoid acid ( f r a c t i o n 
IV-2-C-2) was described i n d e t a i l i n Chapter 3- The structure 
of t h i s acid was f i r s t deduced by interpretation of the spec-
t r a l data and confirmed by d i r e c t comparison with an authentic 
sample of t h i s acid. The data leading to t h i s assignment are 
presented below. 
The nuclear magnetic resonance spectrum of f r a c t i o n 
IV-2-C-2 (methyl ester) i s shown i n Figure 5-1, Curve A.. The 
shaxp s i n g l e t band at about T 6.4 i s c h a r a c t e r i s t i c f o r the 
s i g n a l produced by the three protons i n the methoxyl group. 
The iinsymmetrical p a r t i a l l y resolved t r i p l e t centered at about 
r 7.8 with an area corresponding to two protons (r e f e r r e d to 
the area of the methoxyl band as 3 protons) i s due to the two 
protons at the carbon atom a to the carbomethoxyl group (1-a). 
The s p l i t t i n g of t h i s band into a t r i p l e t indicates the pres-
ence of two protons attached to the carbon atom p to the 
carbomethoxyl group. In other words, t h i s band indicates the 
absence of substituents on both a and P positions. 
The f a i r l y sharp band centered at about f 8.8 i s 
c h a r a c t e r i s t i c f o r the s i g n a l obtained for the methylene 
groups i n an open-chain compound [ c y c l i c compounds tend to 
produce a rather broad band i n t h i s region ( 1 - b ) ] . For t h i s 
reason, i t was concluded that t h i s f r a c t i o n (IV-2-C-2) i s an 
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Legend to Figure 5-1 
N.M^ R. spectra of i s o l a t e d and authentic samples of methyl 
4,8-dimethylnonanoate. These spectra were determined on a 
Varian, model A-60, N.M.R. spectrometer. 
Curve A: 
About 15 mg. of f r a c t i o n IV-2-C-2 i n 0.4 ml. of carbon 
tetrachloride. 
Curve B: 
About 40 mg. of methyl 4,8-dimethylnonaLnoate i n 0-4 ml. 
of carbon tetrachloride. 
77a 
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open-chain est e r . This conclusion was supported by the fact 
that the molecular weight of t h i s f r a c t i o n i s about 200 and 
the t o t a l area under the N.M.H. bands corresponds to 2^ 
hydrogen atoms. 
The methyl region of the N.M.Ro spectrum of t h i s f r a c -
t i o n ( c f . Figure 5-1» Curve A) i s of p a r t i c u l a r i n t e r e s t . The 
extrapolated area xinder the band produced by the terminal 
methyl groups (centered at about 9-1 T) amoxints to about 3-3 
methyl groups. Because of the error which could be present i n 
the extrapolated area of t h i s band due to the overlapping 
methylene band, i t was concluded that t h i s baind must be pro-
duced by three methyl groups.- Moreover, the position of t h i s 
band (sharp doublet at about x 9-^^ the coupling constant of 
about 6 c.p.s., and the greater i n t e n s i t y of the lower-field 
segment, are a l l c h a r a c t e r i s t i c for the presence of a terminal 
isopropyl group ( 2 ) . 
Since there are only three methyl groups in t h i s com-
pound, two of them i n the isopropyl group, the t h i r d one could 
be a methyl attached to a methine group anywhere along the 
a l i p h a t i c chain. A l t e r n a t i v e l y , there could be a terminal 
methyl i n an ethyl or a longer a l k y l r a d i c a l . The l a t t e r 
p o s s i b i l i t i e s are rather xmlikely because i n these cases the 
methyl w i l l be attached to a methylene group. Thus an i l l -
Caaon et a l . (2) have pointed out that such an error 
i s very common i n the cases where more than three methyl 
groups are present. However, i n the above case, there must 
be kept under consideration the f a c t that f r a c t i o n IV-2-C-2 
i s not a very pure compound ( c f . Chapter 3) and the impuri-
t i e s present i n t h i s f r a c t i o n might be responsible, at l e a s t 
p a r t i a l l y , f o r the high value observed for the methyl groups. 
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defined t r i p l e t overlapped by the other methyl groups i n the 
band should be observed ( 2 ) . The f a c t that the methyl band 
appears i n Figure 5-1» Curve A, as a sharp well-defined band 
favors the probability of the methyl group being d i r e c t l y 
attached to the chain. 
The absence of v i n y l protons i n the N.M-R., as well as 
the f a c t that there i s no s i g n i f i c a n t absorption i n the U.V. 
spectrum above 195 ^ V-y indicates that t h i s f r a c t i o n i s a satu-
rated compound. Therefore, on the basis of the evidence pre-
sented above, the p a r t i a l structure, I , can be assigned for 
f r a c t i o n IV-2-C-2. 
^^^'>H-(C.Hr;)-CHp-CHp-C-OMe 
^ CHj 
I 
Cason and Lange (2) reported that a methyl substituent 
on the 2- or 5-po8ition of an a l i p h a t i c acid can be e a s i l y de-
termined by examination of the methyl region of the N.M.R. 
spectrum. They pointed out that a methyl substituent i n the 
2-poaition of a methyl ester produces a doublet downfield from 
the other methyl protons, never quite buried i n the methylene 
band. I n addition, the multiplet f or the single proton i n the 
2-position i s centered at about T 7*62. On the other hand, a 
methyl substituent i n the 5-position produces a doublet s h i f t -
ed s i g n i f i c a n t l y downfield and overlapping the band from the 
terminal methyl so as to give the appeGirance of one s p l i t band< 
The absence of such features i n the N.M.R. spectrum of f r a c -
t i o n IV-2-C-2 substantiates the earl y conclusion of the 
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absence of substituents i n the 2- and 5-positions. However, 
the N.H.R. spectra are of no s i g n i f i c a n t value for location of 
a methyl side-chain beyond the 5-position ( 2 ) . Thus, another 
method was^used for location of the remaining methyl group. 
Although the location of the methyl side-chain can be 
e a s i l y determined by chemical degradation methods, e.g. step-
wise degradation or chromic acid oxidation ( 5 ) , these methods 
were not used i n t h i s investigation since they require a r e l a -
t i v e l y large amount ( i n mg.) of the isolated e s t e r , and only a 
small amount of t h i s ester was at hand. However, mass spec-
troscopy became recently a very powerful tool f o r structure 
determination, aind location of a branch i n an a l i p h a t i c com-
poiind can be accomplished e a s i l y by examination of the frag-
mentation pattern i n an electron beam. 
Detailed investigation of the mass spectra of f a t t y 
acids, substituted and unsubstituted, by Ryhage, Stenhagen 
and collaborators ( 4 ) , has resulted i n a detailed knowledge 
of the behavior of these compovinds upon electron impact. In 
general, a very abundant peak, i n most cases the base peak, 
appears i n the mass spectrum of methyl esters at m/e 74.- This 
peak i s atrributed to ions formed on cleavage of the 2,5-band 
with simultaneous migration of one hydrogen atom from the 
fragment l o s t (see equation 1 ) . I t i s obvious from equation 
(1) that only esters with an a-methylene group and at l e a s t 
one hydrogen atom on the Y-position can produce t h i s "re-
arrangement peak". However, i f there i s a methyl substituent 
on the 2-position, t h i s peak w i l l be s h i f t e d to m/e 88. I f 
an ethyl or a longer a l k y l braiich i s present at the 2-position 
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two rearrangement peaks w i l l be observed as shown i n equation 
( 2 ) . 
0 ^ one 
R-CH ^ CHo 
OMe 
OH 
+ R-CH=CH. 
(1) 
OH j~0-C-(pH-CH2-C^-^. 
R" 
CH5-0-(j;=CH-CH2-CH2-R • + CH2=CH-R" 
OH 
CHJ-O-LH^  .CH2=CH-R- (2) 
CH2 
Apart from the rearrangement pesik, the mass spectra of 
methyl esters contain peaks due to oxygen-containing fragments 
of the general type LCE-^-O-^'-iCE^')^']'*', (n > 1 ) . I t has been 
suggested that these peaks are due to fragments formed by sim-
pie cleavage of the C-C bond. I f a substituent i s introduced 
i n the chain, t h i s substituent increases the tendency of the 
a l k y l chain to fragment at the carbon atom bearing the addi-
t i o n a l substituent. This i s attributed to the increase i n 
s t a b i l i z a t i o n of a carbonium ion with a l k y l substit\ition. 
Therefore, the appearance i n the mass.spectrum of a branched-
chain ester of two abundant peaks (of the general type shown 
above) separated by 28 mass u n i t s , accompanied by a small peak 
I n the case of M-29 and M-43, the suggestion was 
made (4) that these peaks are produced by ions formed due to 
l o s s of CH2CH2 + H and CH2CH2CH2 + H respectively from the 
molecule-ion. These carbon atoms a r i s e from the a- and P-
carbons i n the f i r s t case, the a-, P-, and Y-carbons i n the 
second case. 
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midway between these two peatks indicates the presence of a 
methyl branch. 
As mentioned i n Chapter 3, the mass spectrum of f r a c -
tion IV-2-C-2 indicated the presence of impurities i n t h i s 
f r a c t i o n . Therefore, t h i s f r a c t i o n was hydrolyzed and the ac i d 
obtained was converted to the £-phthalimidophenacyl derivative, 
I I . The l a t t e r was r e c r y s t a l l i z e d from aqueous acetone. Un-
fortunately, s t i l l two parent peaks were observed i n the mass 
spectrum of t h i s derivative; however, upon r e c r y s t a l l i z a t i o n 
of the l a t t e r product three times, a s a t i s f a c t o r i l y pure 
sample was obtained. 
R-CO2H + Br-CHg-C-<^ ] | 
DICE 
> R-CO2CH2 
P a r t i a l mass spectra of three samples, of di f f e r e n t 
purity, of the £-phthalimidophenacyl derivative of f r a c t i o n 
IV-2-C-2 are given i n Table 5-1» whereas the f u l l mass spec-
trum of the best sample of t h i s derivative i s shown i n Figure 
5-2. Although i t i s not quite c l e a r from the abundance of 
the molecule-ions (peaks at m/e ^ 7 and 449) that r e c r y s t a l -
l i z a t i o n improves the purity of t h i s derivative, the improve-
ment i s rendered obvious from the gradual decrease of the 
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Table 5-1 
Mass Spectra of Samples of £-Phthalimidophenacyl 
Es t e r of 4,8-Dimethylnonanoic Acid 
Before modification After modification 
I s o l a t e d samples Synthetic m/e I I I I I I 11^ sample 
325^ 100 100 100 .100 100 
5 2 ^ 22 22 23 24 25 
536 23 25 26 21 50 
337 42.5 28 21 22 15 
350 7 7 6 4 -
351 7 7 2-5 3 -
364 11.5 12 14 9 25 
378 6.5 7 7 4 5 
420 1 3 13 16 5.5 8.5 
447 5 5 5 2.5 -
448 7 7 8.5 5.5 7 
449 16 16 20 2.5 5 
450 6 6 6 2 11 
"These spectra were obtained on a CEC mass spectrometer, 
model 21-105C. When modified, i t was equipped with an ion 
m u l t i p l i e r detector and the c i r c u i t r y a l t e r e d to give unit 
r e s o l u t i o n at about 800. Absolute v a r i a t i o n from one spectrum 
to the next was greater a f t e r modification. 
^These samples were obtained by r e c r y s t a l l i z a t i o n of the 
£-phthalimidophenacyl ester derived from f r a c t i o n IV-2-C-2. 
Sample I was obtained by one r e c r y s t a l l i z a t i o n of the crude 
d e r i v a t i v e , samples I I and I I I by r e c r y s t a l l i z a t i o n of sample 
I , two and three times r e s p e c t i v e l y . 
^Same sample as I I scanned before modification. 
^This peak i s not the base peak but a r b i t r a r i l y chosen 
f o r best c o r r e l a t i o n . The base peak, m/e 250, i s a very big 
peak. For example, the 525 peak i s 0.51% of the base peak 
(sample I I I ) , and the molecule-ion i s 0.06%. 
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Legend to F i g u r e 
Mass spectrum of the £-phthalimidophenacyl d e r i v a t i v e 
of f r a c t i o n IV-2-C-2. T h i s spectrum was obtained on 
a CEC mass spectrometer, model 21-103C, with the g l a s s 
i n l e t heated to about 190° and the i o n i z i n g v o l t a g e 
maintained a t 70 eV. 
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peaks a t m/e 337 and 351. Als o , d e s p i t e the f a c t t h a t the 
b e s t sample obtained s t i l l c o n t a i n s some i m p u r i t i e s , the spec-
t r a c o u l d be e a s i l y i n t e r p r e t e d , and the c o r r e c t s t r u c t u r e was 
deduced by t h i s i n t e r p r e t a t i o n . 
The base peak a t m/e 250 has been a t t r i b u t e d to f r a g -
ment I V ( T a b l e 5 - 2), obtained by simple cleavage of the bond 
between the car b o n y l and the methylene groups of the phenacyl 
r e s i d u e ( t h e bond designated by the l e t t e r a i n Table 5 - 2 ) . 
T h i s fragment, then, s u f f e r s subsequent l o s s of the CO group 
to produce a fragment with m/e 222. The occurrence of a meta-
s t a b l e peak a t m/e 197 ( c a l c u l a t e d 197.1), supports the pro-
posed s t r u c t u r e s f o r these fragments ( 5 ) -
The molecular i o n at m/e 449 i n d i c a t e s a ph'thalimido-
phenacyl e s t e r of a s a t u r a t e d C^ ^^  a c i d . The peak a t m/e 323, 
due to the rearrangement fragment, i n d i c a t e s the absence of 
s u b s t i t u e n t s on the 2 - p o s i t i o n as w e l l as the presence of a t 
l e a s t one proton a t the 5 - p o s i t i o n . 
The occurrence of a peak a t m/e 420 (M-29) i s con-
s i s t e n t w i t h the absence of a methyl s i d e c h a i n a t both the 
2- and 3 - p o s i t i o n s . The i o n i s formed through l o s s of 
(CH2—CHg + H) from the molecule-ion. The mechanism shown 
* T h i s peak should be produced by a rearrangement f r a g -
ment o b t a i n e d from a phthalimidophenacyl d e r i v a t i v e of an a c i d 
c o n t a i n i n g a methyl at the 2 - p o 3 i t i o n . That i s to say, the 
i m p u r i t y p r e s e n t i n t h i s f r a c t i o n i s due to an a c i d c o n t a i n i n g 
a methyl s i d e c h a i n on the 2 - p o s i t i o n . T h i s accounts f o r the 
o v e r l a p p i n g observed between the methyl and methylene bands 
i n t h e N.H.R. spectrum of t h i s f r a c t i o n . 
**Deuterium l a b e l i n g experiments ( 7 ) have e s t a b l i s h e d 
t h a t the M-29 i o n i s formed almost e x c l u s i v e l y by the l o s s of 
O2 and G j t o g e t h e r w i t h one hydrogen atom from the molecule-
i o n . 
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Table 5-2 
Flow Sheet f o r the Mass Spectrtun I n t e r p r e t a t i o n of 
£-Phthalimidophenacyl D e r i v a t i v e of F r a c t i o n I V - 2 - C - 2 
CH. 
_0 
m/e 250 
IV 
- CO R 
m/e 222 
V 
° fi 
0 ^ 
CHo C 0^=^  R 
m/e 
I I I 
'OH 
n 
m/e 323. 
V I I I 
m/e 536 
VI 
>A/\ 
0 
LCH3 
CH^ R 
C II 
0 
m/e 364 
V I I 
/ = 2 
H, 
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i n equation ( 5 ) has been suggested ( 6 ) to account f o r the 
f o r m a t i o n of t h i s type of fragmentation. 
R'O JD R » 0 ^ R'O ^0 
CH^—CH^ CH 
H CH3j (CH^)^ I 
R 
Methyl e s t e r s u s u a l l y produce a peak a t M -45 due to 
2 5 4 
the l o s s of (CH2—CH2-CH2 + H ) from the moleciUar i o n (same 
mechanism shown above was suggested, but i n v o l v i n g a s i x -
membered i n s t e a d of the five-membered t r a n s i t i o n s t a t e ) . The 
p r e s e n c e of a methyl s i d e c h a i n at the 4 - p o s i t i o n s h i f t s t h i s 
peak to M-57. I n the mass spectrum of the phthalimidophenacyl 
e s t e r of f r a c t i o n I V - 2 - C - 2 , indeed, the M -43 i s absent and a 
v e r y s m a l l peak co u l d be d e t e c t e d at 3 9 2 (M -57 ) . 
The peaks at 3 3 6 » 5 5 0 and 3 6 4 are of p a r t i c u l a r i n t e r -
e s t s i n c e they d e f i n e the p o s i t i o n of the methyl s i d e c h a i n . 
The presence of f a i r l y i n t e n s e peaks at m/e 3 3 6 and 3 6 4 , t o -
g e t h e r w i t h the occxirrence of a r e l a t i v e l y s m a l l peak a t 3 5 0 
suggest the presence of the methyl s u b s t i t u e n t a t p o s i t i o n - 4 . 
These two peaks, m/e 3 5 6 and 5 6 4 , presumably are produced by 
the i o n s formed by simple cleavage of the C j — a n d — 
bonds (fragments VI and V I I i n Table 5 - 2 ) . 
The flow sheet p r e s e n t e d i n Table 5 - 2 summarizes the 
i n t e r p r e t a t i o n o f the mass s p e c t r a l data d i s c u s s e d above. 
On the b a s i s of the evidence presented above, s t r u c -
t u r e I I I ( c f . T a b l e 5 - 2 ) was a s s i g n e d f o r the £-phthalimido-
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phenacyl d e r i v a t i v e of f r a c t i o n I V - 2 - C - 2 . Thus, f r a c t i o n 
IV - 2-C - 2 i s assigned as the methyl e s t e r of 2,4-dimethyl-
nonanoic a c i d . T h i s assignment was confirmed by d i r e c t com-
p a r i s o n of the i s o l a t e d f r a c t i o n w i t h a s y n t h e t i c sample of 
2,4-dimethylnonanoic a c i d . 
S e v e r a l r o u t e s f o r the s y n t h e s i s of 4,a-dimethylnona-
noic acj.d have been reported i n the l i t e r a t u r e ( 8 , 9 , 1 0 , 1 1 ) . 
However, i n t h i s i n v e s t i g a t i o n the simple procedure, summar-
i z e d i n the flow sheet, Table 5 - 3 , has been undertaken f o r the 
s y n t h e s i s of t h i s a c i d . 
Commercially a v a i l a b l e c i t r o n e l l o l (X) was hydrogenated 
i n presence of platin\im oxide as a c a t a l y s t , to produce t e t r a -
h y d rogeraniol X I . The l a t t e r was converted i n t o the c o r r e -
sponding bromide ( X I I , t e t r a h y d r o g e r a n y l bromide) by treatment 
with 48 per cent hydrobromic a c i d i n presence of concentrated 
s u l f u r i c a c i a ( 1 2 ) . Tetrahydrogeranyl cyanide ( X I I I ) was ob-
t a i n e d , i n good y i e l d , from the r e a c t i o n of the bromide with 
sodiiim cyanide i n presence of dimethyl s u l f o x i d e ( 1 5 ) . • The 
n i t r i l e was hydrolyzed to 4,8-dimethylnonanoic a c i d by b o i l i n g 
under r e f l u x with a mixture of s u l f u r i c a c i d , a c e t i c a c i d and 
water ( l s l : l ) f o r t h r e e hours ( 1 1 ) . 
The methyl e s t e r of t h i s a c i d was p r e p a r e d , ^ s u s u a l , 
by h e a t i n g the a c i d under r e f l u x w ith excess a b s o l u t e methyl 
a l c o h o l i n presence of s u l f u r i c a c i d . The £-phthalimidophena-
c y l e s t e r was a l s o prepared from the a c i d by treatment with 
£-phthalimidophenacyl bromide i n presence of a hindered base 
( D I C E ) . 
The i s o l a t e d a c i d was found to agree w i t h the s y n t h e t i c 
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Table 5-3 
S y n t h e s i s of 4,8-Dimeth7lnonanoic A c i d 
/ CH2CH2CH2 CH-CH2CH2OH — > ^CH CH2CH2CH2 CH CH2CH2OH 
CH5 CHj hn^ 
X XI 
HBr/H2S0^ 
X I I 
NaCN 
D-M.S.O. 
CN H2S0^, AcOH, H2O 
(1:1:1) 
X I I I 
£-phthalimidophenacyl 
bromide / DICE 
MeOH 
XVI 
XV 
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one i n a l l r e s p e c t s . The r e t e n t i o n time of the a u t h e n t i c 
methyl 4,8-dimethylnonanoate i s i d e n t i c a l to the r e t e n t i o n , 
time of f r a c t i o n IV-2-C-2 on two d i f f e r e n t p a r t i t i o n i n g agents 
( s i l i c o n e and N.P.G.SO* The N.M.R. spectrum of t h i s f r a c t i o n 
i s the saime as that of the s y n t h e t i c e s t e r ( F i g u r e 5-11 com-
pare curves A and B ) . The fragmentation p a t t e r n of the mass 
s p e c t r a of the phthalimidophenacyl d e r i v a t i v e of the i s o l a t e d 
a c i d agrees very w e l l with t h a t of the corresponding d e r i v a t i v e 
obtained from 4,8-dimethylnonanoic a c i d . These data appear to 
leave no doubt t h a t f r a c t i o n IV-2-C-2 has as i t s p r i n c i p a l com-
ponent the methyl e s t e r of 2,^-dimethylnonanoic a c i d . 
I t should be mentioned here t h a t q u a n t i t a t i v e reproduc-
t i o n of the mass s p e c t r a of the phenacyl d e r i v a t i v e could not 
be achieved. For exsunple, the r e l a t i v e i n t e n s i t y of the peaks 
with r e s p e c t to the base peak changed c o n s i d e r a b l y from one 
run to another. T h i s d i f f i c u l t y i s a common phenomenon i n 
mass spectroscopy, e s p e c i a l l y with higher masses, and i s due 
to changes i n the c h a r a c t e r i s t i c s and performance of the i n -
strument. Moreover, i n t h i s p a r t i c u l a r case the molecule-ion 
appears to s u f f e r thermal decomposition, and thus the scanning 
c o n d i t i o n s p l a y an important r o l e i n the behavior of t h i s de-
r i v a t i v e i n mass spectrometry. However, when usi n g the mass 
s p e c t r a as a means of proving the i d e n t i t y of the compounds, 
t h i s l a c k of q u a n t i t a t i v e agreement does not mean t h a t the 
compounds are d i f f e r e n t provided t h a t the peak i n t e n s i t i e s 
As expected, the o v e r l a p between the methyl and 
methylene bands i n the N.M.R. spectrum of f r a c t i o n IV-2-C-2 
i s more than the corresponding overlap i n the spectrum of 
the s y n t h e t i c e s t e r , due to the i m p u r i t i e s present i n the 
i s o l a t e d e s t e r . 
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i n the two s p e c t r a show the same r e l a t i v e p a t t e r n . Therefore, 
the agreement between the p a t t e r n s of the i s o l a t e d and syn-
t h e t i c samples of t h i s d e r i v a t i v e i s e x c e l l e n t evidence t h a t 
they are the same, and stands i n agreement with the other 
e v i d e n c e . 
Attempted I s o l a t i o n of the CJ^Q I s o p r e n o i d 
A c i d from the Naphthenic A c i d Mixture 
I n view of the f a c t t h a t , at the same time the C ^ ^ . i s o -
p r e n o i d a c i d was being i s o l a t e d from petroleum i n the present 
work, the C ^ ^ a c i d , and l a t e r the C ^ ^ , C^^ and a c i d s , were 
i s o l a t e d by D. G. Graham ( 1 8 ) , i t was suspected t h a t the G ^ Q 
i s o p r e n o i d a c i d might be present i n the naphthenic a c i d mix-
t u r e . T h e r e f o r e , s e a r c h f o r t h i s a c i d was undertaken. 
The G^^ i s o p r e n o i d a c i d was i s o l a t e d from the same band 
which c o n t a i n s the ^ - C ^ Q a c i d u s i n g an W.P.G . S . column ( c f . 
Ghapter 3 ) . Thus, as a rough e s t i m a t i o n , the r e t e n t i o n time 
of t h e C ^ Q i s o p r e n o i d a c i d would be expected to be v e r y c l o s e 
to the r e t e n t i o n time of the n-G^ a c i d . However, s i n c e t e t r a -
h y d r o g e r a n i o l was at hand, t h i s a l c o h o l was o x i d i z e d with 
* 
potassium permajaganate to the corresponding a c i d . The a c i d 
o b t a i n e d was e s t e r i f i e d to y i e l d methyl 3,7-dimethyloctanoate 
( t h e G^Q i s o p r e n o i d a c i d ) , whose r e t e n t i o n time was compared 
w i t h a p p r o p r i a t e naphthenic a c i d f r a c t i o n s . 
F i g u r e 5-3, Gurve A, i s a V.P.G. t r a c i n g of f r a c t i o n 
The y i e l d obtained from t h i s o x i d a t i o n was very poor, 
presumably because of a t t a c k of the o x i d i z i n g agent at the 
b r a n c h e s . However, s i n c e only a s m a l l amount of t h i s a c i d 
was r e q u i r e d , no e f f o r t s were made to improve the y i e l d or 
to use another method of o x i d a t i o n . 
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Legend to F i g u r e 5-5 
V.P.C. t r a c i n g s of f r a c t i o n s I I , I I - l and I I - 2 . 
Curve A: 
V.P.C. t r a c i n g of f r a c t i o n I I . Column, 20 f t . x 5/8 i n . , 10% 
N.P.G.S.; temp,, 140^; helium flow r a t e , 180 ml. per min. 
Curve B: 
V.P.C. t r a c i n g of f r a c t i o n I I - 2 a f t e r removal of the n-Cg 
v i a the urea adduction method, Colximn, 10 f t . x 5/8 i n . , 
20% s i l i c o n e grease SE-50; temp., 155°; helium flow r a t e , 
150 ml. per min. 
Curve C: 
V.P.C. t r a c i n g of f r a c t i o n I I - l . The column and the c o n d i -
t i o n s are the same as i n Curve B. 
Note: The arrow which appears i n a l l these t r a c i n g s d e s i g -
n a t e s the r e t e n t i o n time of methyl 5,7-dimethyloctanoate. 
92a 
1 • 
r 
20 
J y 
min. 20 16 12 
10 
93 
I I (b.p. 95-100^/11.5 nmi.). The r e t e n t i o n time of the syn-
t h e t i c e s t e r ( i n d i c a t e d by arrow) i s s h o r t e r than the r e t e n t i o n 
time of the n-C^ a c i d (band 2) and a l i t t l e longer than the 
band j u s t before the normal a c i d (band 1 ) . S i n c e n e i t h e r of 
these two bands was expected to c o n t a i n only one s i n g l e com-
pound, both of them were c o l l e c t e d and i n v e s t i g a t e d . 
The r e t e n t i o n time of f r a c t i o n I I - 2 was found to be 
d i f f e r e n t from t h a t of the s y n t h e t i c e s t e r on N.P.G.S. ( t r a c i n g 
A); however, when the n-Cg a c i d was removed by the urea adduc-
t i o n method and the unadducted f r a c t i o n was chromatographed on 
a s i l i c o n e column, the t r a c i n g shown i n F i g u r e 5-3, Curve B, 
was obtained. I t i s obvious from the t r a c i n g t h a t the r e t e n -
time of the s y n t h e t i c e s t e r i s very c l o s e to band A. When 
band A was c o l l e c t e d , however, i t s N.M.R. spectrum proved to 
be quite d i f f e r e n t from t h a t of the s y n t h e t i c e s t e r . Moreover, 
the mass spectrum i n d i c a t e d the presence of a t l e a s t t h r e e 
components i n t h i s f r a c t i o n ( t h r e e molecule-ions were d e t e c t e d 
at m/e 162, 184 and 186). 
The r e t e n t i o n time of the p r i n c i p a l component of f r a c -
t i o n I I - l ( c f . F i g u r e 5-5, Curve C) i s unambiguously d i f f e r e n t 
from t h a t of the s y n t h e t i c e s t e r ; however, a very small band 
with the same r e t e n t i o n time as the s y n t h e t i c e s t e r a l s o 
appears i n t h i s t r a c i n g . T h i s band has not been i n v e s t i g a t e d 
because i t s c o n c e n t r a t i o n i s v e r y s m a l l , and t h e r e appears to 
be very l i t t l e hope of s e c u r i n g even a minute sample of pure 
m a t e r i a l . 
Although the mass spectrum of f r a c t i o n I I - 2 - A i n d i -
c a t e s the presence of a satxxrated a c y c l i c C ^ Q a c i d , t h i s 
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spectrum could not be i n t e r p r e t e d because of the presence of 
the two o t h er a c i d s . I n c o n c l u s i o n , i t may be s t a t e d t h a t the 
C^Q i s o p r e n o i d a c i d , i f present at a l l i n the naphthenic a c i d 
under i n v e s t i g a t i o n , i s i n such s m a l l c o n c e n t r a t i o n t h a t i t 
c o u l d not be i d e n t i f i e d . 
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Experimental 
Gas-Phase Chromatography 
The V.P.C. data recorded i n t h i s chapter were obtained 
u s i n g the same apparatus and columns d e s c r i b e d i n d e t a i l i n 
Chapter 2. The comparison between the methyl e s t e r s of the 
i s o l a t e d and s y n t h e t i c 4,8-dimethylnonanoic a c i d was undertaken 
on two d i f f e r e n t p a r t i t i o n i n g agents ( 2 0 % s i l i c o n e SE-30, and 
10% N.P.G.S.). On the 10 f t . x 3/8 i n . s i l i c o n e column (temp. 
1^8*^ and helium flow r a t e 200 ml. per min.) the r e t e n t i o n 
times of both the i s o l a t e d and the s y n t h e t i c samples was 53-5 
min. Using a 20 f t . x 3/8 i n . N.P.G.S- column (temp. 155^, 
helium flow r a t e 180 ml. per min.) these r e t e n t i o n times were 
21.5 min. 
M.M.R. S p e c t r a 
The N.M.R. s p e c t r a were determined on the same i n s t r u -
ment d e s c r i b e d i n Chapter 4. The s p e c t r a were run i n carbon 
t e t r a c h l o r i d e as a s o l v e n t with t e t r a m e t h y l s i l a n e as e x t e r n a l 
standaurd. 
Mass S p e c t r a 
The mass s p e c t r a reported i n t h i s chapter ( c f , Table 
5-1) were obtained on a CEC mass spectrometer, model 21-103C. 
Some were obtained a f t e r the instrument was equipped with an 
ion m u l t i p l i e r d e t e c t o r and modified to give u n i t r e s o l u t i o n 
at about 800. I n the l a t t e r i n s t a n c e s , the i n l e t was heated 
to about 100*^, the i o n i z i n g voltage was maintained a t 70 eV, 
eind the saunples were i n j e c t e d d i r e c t l y i n t o the i o n i z a t i o n 
chamber. 
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U l t r a v i o l e t S p e c t r a 
The U.V. spectrum of f r a c t i o n IV-2-C-2 was determined 
on a Beckman DK-2A r a t i o r e c o r d i n g spectrometer, with n-heptane 
as a s o l v e n t . 
Hydrogenation of C i t r o n e l l o l 
A sample of 22 g. of c i t r o n e l l o l (b.p. 100-102^/6-6.5 
mm; obtained by d i s t i l l a t i o n of the commercially a v a i l a b l e 
c i t r o n e l l o l , Eastman Kodak Company) was d i s s o l v e d i n 50 ml. of 
9 5 % e t h a n o l , and 0.25 g- of platinum oxide was added. T h i s 
mixture was hydrogenated i n a P a r r apparatus a t an i n i t i a l 
p r e s s u r e of about 5 atmospheres. The r e q u i r e d amoxint of 
hydrogen was absorbed a f t e r about 2 hours. The c a t a l y s t was 
removed by f i l t r a t i o n , and the c l e a r s o l u t i o n was d r i e d over 
anhydrous magnesium s u l f a t e . The s o l v e n t was then removed by 
d i s t i l l a t i o n , ajid the product was f r a c t i o n a l l y d i s t i l l e d 
through a 2-foot P o d b i e l n i a k - t y p e column. The heart f r a c t i o n 
was c o l l e c t e d . t o y i e l d 17 . 9 g- (about 8 0 % ) , b.p. 106 -107°/10 
mm-; l i t e r a t v i r e ( 1 4 ) , b.p. 108 -109^/10 mm. The V.P.C. u s i n g 
a 10 f t . X 5/8 i n . 20% s i l i c o n e column (temp. 148°; helivim 
f l o w r a t e 200 ml. per min.) i n d i c a t e d t h a t t h i s product i s a 
pure compoxmd; no peak was observed a t the r e t e n t i o n time of 
the s t a r t i n g m a t e r i a l . 
P r e p a r a t i o n of Tet r a h y d r o g e r a j i y l Bromide 
I n a 250-ml. round-bottomed f l a s k t h e r e was pl a c e d , 
i n the order mentioned, 50 ml. (0.26 mole) of 48% hydrobromic 
a c i d , 7 ml. of concentrated h y d r o c h l o r i c a c i d , and 14 . 5 g, 
( 0 . 9 2 mole) of t e t r a h y d r o g e r a n i o l . The f l a s k was connected 
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to a r e f l u x condenser, the top of the condenser was attached 
to a gas-absorption trap (15)» and the mixture was heated 
under r e f l u x for about 3.5 hours. The cooled solution was 
diluted with about ^0 ml. of water, and the bromide layer was 
separated by extraction three times with 10-ml. portions of 
ether. The extract was washed c a r e f u l l y with 5 ml, of cold 
concentrated sulfxiric acid. The organic layer was separated 
from the a c i d i c one and washed twice with cold d i s t i l l e d water 
The product was dried overnight with anhydrous potassium carbo-
nate and f i l t e r e d by gravity through a small funnel into a 
d i s t i l l i n g f l a s k . After removal of the solvent the bromide 
was d i s t i l l e d throvigh a column under reduced pressure to y i e l d 
12 .5 S' (about 62%) of pure tetreLhydrogerainyl bromide. The 
gas-l i q u i d chromatography of the product, same column and con-
dit i o n s described above, indicated that a l l the alcohol had 
been converted into the bromide. However, the crude product 
proved to contain some material of long retention time, prob-
ably the corresponding diether, which was removed by d i s t i l -
l a t i o n . 
Preparation of Tetrahydrogeranyl Cyanide 
I n a three-necked f l a s k equipped with a magnetic 
s t i r r e r , condenser, thermometer and addition funnel, there 
was placed 3 g. of sodium cyanide ( A l l i e d Chemicals) and 15 
ml* of technical dimethyl sulfoxide. An 11.5-g* sample of 
tetrahydrogeranyl bromide was placed i n the addition funnel 
and the mixture was heated, with continuous s t i r r i n g , i n a 
water bath to 60^. The bromide was added dropwise during a 
period of 30 minutes. The temperature was kept i n the range 
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of 60-65° during the addition period. After the addition was 
completed, the reaction mixtixre was heated, with s t i r r i n g , at 
90-92° for an additional 15 minutes. After the mixture had 
been cooled to room temperature, 50 ml. of water were added 
and the o i l y l a y e r was separated from the aqueous layer. The 
aqueous l a y e r was extracted with three 25-ml, portions of 
ether. The combined organic material was washed with 6 N 
hydrochloric acid, then with water, and dried over anhydrous 
calcium chloride. After f i l t r a t i o n , the solvent was removed 
by d i s t i l l a t i o n to y i e l d 8.5 g- of the crude n i t r i l e . This 
product was f r a c t i o n a l l y d i s t i l l e d through the same column 
described above to y i e l d 7.1 g- (about 82%) of tetrahydrogera-
n y l cyanide; b,p. 106-107°/6 mm; l i t e r a t u r e (11), l l 3 - l l ^ V l 5 
mm. The V . P , C o of t h i s product indicated that i t i s a pure 
compound. I n the I-R. spectrum, determined on a Perkin-Elmer 
Infracord 157, the band observed at ^.47 u i s due to the C^ N 
st r e t c h i n g vibrations (16). 
Hydrolysis of Tetrahydrogeranyl Cyanide 
I n a 100-ml, round-bottomed f l a s k there was placed 3.4 
g. of tetrahydrogeranyl cyanide. To t h i s , there was added 30 
ml. of an equivolume solution of acetic acid, s u l f u r i c acid 
and water. This mixture was heated xinder reflux, i n an o i l 
bath, f o r about 5 hours. The solution was then cooled to room 
temperature, diluted with water and extracted with ether (4 
times). The ethereal extract was washed with water (two times) 
and dried over anhydrous magnesium s u l f a t e . The solvent was 
removed, as usual, by d i s t i l l a t i o n at atmospheric pressure. 
The crude product was d i s t i l l e d through a 2-ft. column to 
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y i e l d 2.5 g. of 4 ,a-dimethylnonanoic acid; b.p. 146-147^/17 mm.; 
l i t e r a t u r e (11), 156-157^/15 mm. The V.P.C. indicates the pres-
ence of a very small amount (about 2%) of the s t a r t i n g n i t r i l e . 
I n another run the crude product was dissolved i n warm 
potassium hydroxide solution (KOH i n a mixture of 30% methanol 
and 70% water, by volume); This solution was extracted with 
ether, and the acid was liberated by addition of 6 N s u l f u r i c 
acid. The organic acid was extracted with ether and worked up 
as usual to give, i n about the same y i e l d as the above run, the 
desired acid. No st a r t i n g material could be detected, by 
V-P.C, i n t h i s product. 
Preparation of the Methyl Ester 
of 4 ,8-Dimethylnonanoic Acid 
The methyl ester of 4 ,8-dimethylnonanoic acid was pre-
pared from the acid obtained above by the usual procedure de-
scribed i n d e t a i l i n Chapter 2. 
I n the I.R. spectrum of t h i s ester there was observed 
the strong band (8.55 u) due to s k e l e t a l v i b r a t i o n of the 
terminal isopropyl group, the c h a r a c t e r i s t i c doublet (7.25, 
7.3 u) due to OH deformation vibrations of t h i s group, and the 
weak band at 13.6 u due to methylene vibration of -iCE2)y 
(17). 
The ester obtained has the same retention times on 
both s i l i c o n e and N-P-G.S. columns as fr a c t i o n IV -2-C -2 . The 
N-M.R. spectrum of t h i s ester i s s i m i l a r to that of the i s o -
l a t e d ester ( c f . Figure 5 -1i Curves A and B). 
1 0 0 
Preparation of p-Phthalimidophenacyl 
E s t e r of A-,8-Dimethylnonanoic Acid 
The £-phthalimidoplienacyl ester of 4 , 8-dimethylnona-
noic acid was prepared from the acid obtained above according 
to the procedure described i n Chapter 3 . 
Anal. Calculated for C2rp^7,jO^H: C, 7 2 . 2 5 ; H, 6 . 9 2 ; N, 3 . 2 2 
Found: C, 7 2 . 7 9 ; H, 7 . 1 0 ; N, 3 . 2 8 . 
The melting point of t h i s d e rivative, determined i n the B^chi 
melting point apparatus, i s 1 1 4 o 5 - 1 1 5 * 5 * ^ . Mixed melting point, 
mixture of the best sample obtained from the isolated acid and 
the synthetic derivative, was not depressed {11^^^-113-3^)' 
Oxidation of Tetrahydrogeraniol 
I n a 1 0 0 - m l . round-bottomed f l a s k there was placed 
0 . 6 8 g. of tetrahydrogeraniol, 2 0 ml. of acetone (reagent 
grade d i s t i l l e d from potassium permanganate), 2 g. of potassium 
permanganate sind 0 . 1 g. of sodium bicarbonate. The mixture 
was heated \xnder ref l u x for about 1 . 5 hours, the solvent was 
then removed from the product, and the residue was a c i d i f i e d 
with 6 N s u l f u r i c acid. About 1 0 ml. of petroleum ether were 
added and the mixture was shaken wel l . The precipitated man-
ganese dioxide was separated by f i l t r a t i o n and washed several 
times with petrolexim ether, then the aqueous layer was sepa-
rated from the organic l a y e r and extracted 3 times with petro-
leum ether. The petroleum ether solution was concentrated 
and extracted with 13% potassium hydroxide solution. The 
al k a l i n e s o l u t i o n was separated from the organic layer and 
a c i d i f i e d with 6 N s u l f u r i c a c i d . The li b e r a t e d acid was 
extracted with petroleum ether and worked up as usual to 
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y i e l d 0.12 g. of 3 ,7-dimethyloctanoic acid. The acid obtained 
was e s t e r i f i e d with methanol and s u l f u r i c acid, and the ester 
was chromatographed by V.P.C. The V.P.C. tracing indicated 
the presence of about 5% of an unidentified compoiind i n t h i s 
ester. 
The N-M.R. spectrum of a sample of t h i s ester ( p u r i f i e d 
by V.P.C.) agrees very well with the expected structure. More-
over, the molecular weight of t h i s e s t e r (obtained from the 
mass spectrum) i s 186 sind the fragmentation pattern i s con-
s i s t e n t with the expected structure. L i t e r a t u r e (19) b.p. 
of the free acid i s 93-95°/O.6-0.7 mm. 
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CHAPTER 6 
MASS SPECTRA OF MODEL COMPOUNDS AND 
INVESTIGATION OF A DEGRADATIVE PROCEDURE 
In view of the fact that the i s o l a t i o n of a pure com-
pound from the naphthenic acid mixture i s a d i f f i c u l t task and 
only small amounts can be conveniently secured ( c f • Chapters 2 
and 5), i t was necessary to u t i l i z e , as extensively as possible, 
physical methods of structure determination which require small 
amoiints of the s t a r t i n g material. In recent years, mass spec-
troscopy has become a very e f f i c i e n t method of structure deter-
mination and has received great attention in many areas of 
organic chemistry (for example, hydrocarbons, a l i p h a t i c f a t t y 
acids and esters, amino acids and peptides, alkaloids, steroids, 
carbohydrates and c y c l i c ketones). In contrast, l i t t l e atten-
tion has been directed to the i s o c y c l i c compounds^with one or 
two rin g s . R. Ryhage and E. Von Sydow (1) and A. F. Thomas 
et a l . (2) have investigated the mass spectra of monocyclic 
monoterpenes of the general formulae C^ o^ 20* ^10%8 ^10^16 
while P. Natalia and his coworkers (3 , 4,5) have studied the 
mass spectra of simple i s o c y c l i c hydrocarbons. Unfortunately, 
i t appears that simple i s o c y c l i c acids or esters have not been 
investigated mass spectroscopically. Thus, the investigation 
of the fragmentation patterns of model compounds of t h i s c l a s s 
has been iindertaken. 
The saturated model compounds chosen for t h i s i n v e s t i -
gation are of the same empirical formula, 0IQ^IQO2'> 
acid i s o l a t e d from the naphthenic acid mixture ( f r a c t i o n I I I -
2-A). Moreover, they also have f i v e - or six-membered rings . 
10^ 
Thus, they should serve as very good models since the naph-
thenic acid components are expected to have s i x - or f i v e -
membered ri n g s . F i n a l l y , they can be prepared without exces--
s i v e e f f o r t from commercially available s t a r t i n g materials. 
These model compounds are: methyl 2,2,3-trimethylcyclopentyl-
acetate (methyl a-campholanate), c i s and trans methyl 2,3,3-
trimethylcyclopentylacetate (methyl esters of 3-campholanic 
aci d ) and methyl 2,6-dimethylcyclohexylacetate. The following 
unsaturated e s t e r s have also been studied: methyl esters of 
a- and p-campholenic acids, methyl 2,2,3-trimethylcyclopen-
tylidene acetate and methyl 2,3,3'-trimethylcyclopentylidene-
acetate. 
Synthesis of the Model Compounds 
1. Methyl g-Campholenate 
When camphor oxime i s digested with mineral acids or 
with acid chlorides, i t undergoes a Beckmann rearrangement 
and, depending upon the conditions which are used, y i e l d s 
e i t h e r a-campholenonitrile, a-campholenamide, a-campholenic 
acid, dihydro-p-campholenolactone, p-campholenoamide or P-
campholenic a c i d (6). The primary product of the reaction i s 
a-campholenonitrile which i s then converted through the amide 
into a-campholenic acid. The other products have been report-
ed, to be formed by isomerization of the acid or one of the 
intermediate products i n the presence of the mineral acid. 
For t h i s reason, although a-campholenic acid i s formed to a 
small extent by the d i r e c t action of mineral acids on camphor 
oxime, i t i s best prepared by the hydrolysis of the n i t r i l e 
with a l k a l i . No rearrangement takes place i n alkaline medivua. 
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Moreover, H. R, Sauers (7) has recently reported that the acid 
prepared from camphor oxime i s not homogeneous. He also r e -
ported that preparation of a-campholenic acid by the method of 
J . Bredt et a l . (8), which involves fusion of sodium 10-cam-
phorsulfonate ( I ) with potassium hydroxide, i s more convenient 
than the above method. The exocyclic isomer I I has been sug-
gested as an intermediate which i s isomerized by the base to 
y i e l d a-campholenic acid ( I I I ) . 
CH^SCNa CH, 2 3 \\ 2 
/-OH 
I I I I I I 
I n the present investigation, t h i s method has been 
u t i l i z e d f or the preparation of a-campholenic acid- The a l k a l i 
solution which was obtained by dissolving the cold fusion prod-
uct i n water was a c i d i f i e d with d i l u t e hydrochloric a c i d to 
l i b e r a t e the desired acid. This acid was extracted with ether, 
washed with water and dried over anhydrous magnesi\im s u l f a t e . 
Unfortunately, when the crude acid was d i s t i l l e d under reduced 
• 
pressure, the product was mostly dihydro-p-campholenolactbne 
IV ( c f . Table 6-2). Moreover, t h i s reairraLngement slowly took 
place, even at room temperature, when the crude product was 
H. R. Sauers (7) reported that the I.R. spectrum of 
the acid obtained by t h i s method (the crude was d i s t i l l e d at 
0.54 mm. pressure) showed broad absorption i n the OH region, 
=CH absorption at 12.43 u and carbonyl absorption at 5*74 u. 
This absorption of the carbonyl at snorter wavelength (the 
acid absorbs at 5.84 u) suggests that t h i s sample was a mix-
ture of the acid and the lactone. 
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allowed to stand for several days- Apparently, the o r i g i n a l l y 
formed a-campholenic acid was converted during the d i s t i l l a -
t i o n into the lactone. This rearrangement may be catalyzed 
by e i t h e r t r a c e s of hydrochloric acid (6) or by the sulfurous 
a c i d produced during the reaction ( s u l f u r dioxide odor appar-
ent i n the crude product). 
I n order to avoid t h i s rearrangement, i t was decided 
to convert the crude acid into the corresponding methyl ester 
which may be pxirified, without rearrangement, by d i s t i l l a t i o n . 
Therefore, the crude acid was converted to i t s s i l v e r s a l t , 
arid the l a t t e r was treated with methyl iodide i n order to 
produce the methyl est e r . The V.P.C. tracing of the product 
ind i c a t e d the presence of four compoxxnds i n t h i s product. The 
d i s t r i b u t i o n of these compounds as well as t h e i r i d e n t i t i e s 
are given i n Table 6-1. The chromatography conditions are 
given i n the experimental section. 
Table 6-1 
Products from E s t e r i f i c a t i o n of a-Campholenic Acid 
Retention time 
Compotind min. % of Total 
Dihydro-P-campholenolactone 37 53-5 
Methyl a-campholenate 24.5 8.5 
Methyl p-campholenate 20 28 
Unknown 7,5 10 
The i d e n t i t y of methyl p-campholenate ( V I I , Table 6-2) 
was deduced from the spectra of t h i s compound. The U.V. spec-
trum i n d i c a t e s the presence of an i s o l a t e d double bond (X 
192.5 mp., e = 8000), The i n f r a r e d spectrum ( l i q u i d f i l m ) 
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showed a carbonyl absorption at 5-77 u, c h a r a c t e r i s t i c of 
es t e r s . Moreover, no absorption due to out-of-pleine =CH 
deformation vibrations was observed, so i t i s indicated that 
the double bond i s tetrasubstituted. This was also confirmed 
by the absence of v i n y l protons i n the N.M.R. spectrum. 
In the N.M.R. spectrum there was observed: a band at 
T 9.02 ( s i n g l e t ) corresponding to the gem dimethyl, a band at 
r 8.45 c h a r a c t e r i s t i c of an a l l y l i c methyl, and a singlet at 
f 7.05 c h a r a c t e r i s t i c of an a-methylene group which i s also 
a l l y l i c to the double bond. As f i n a l proof of structure, the 
sample obtained i n t h i s run was found to be i d e n t i c a l to a 
sample of p-campholenate prepared by isomerization of methyl 
a-campholenate (see l a t e r i n t h i s chapter). 
I t has been reported (6) that both a- and p-campholenic 
acids lose carbon dioxide when they are boiled, to y i e l d the 
hydrocarbon campholene. Moreover, the elimination of carbon 
dioxide from P-campholenic acid proceeds with greater f a c i l i t y 
than i s the case with the a-isomeride. Thus, the unknown com-
poxxnd, though i t s structure was not investigated, may be the 
hydrocarbon, campholene, produced by decarboxylation of these 
acids. 
The reasons for the rearrangements observed i n the 
above-described synthesis are not quite c l e a r . However, 
hydriodic acid has been reported to be the best c a t a l y s t for 
t h i s rearrangement. Thus, i f for one reason or another, 
traces of t h i s acid should be produced i n the reaction medium 
(during the e s t e r i f i c a t i o n with methyl iodide) i t might cause 
t h i s rearrangement. Further evidence supporting t h i s l i n e of 
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reasoning was not sought; however, the desired ester was sue--, 
c e s s f u l l y prepared by e s t e r i f i c a t i o n of the crude a-campholenic 
a c i d i n presence of a basic c a t a l y s t . 
According to F. H. Stodola (9), esters of carboxylic 
acids can be prepared, i n good y i e l d , by heating one mole of 
the acid with a l i t t l e methanol, 1.35 mole of tris-2-hydroxy-
propylamine (hindered base) and 1.25 mole of dimethylsulfate. 
Indeed, methyl a-campholenate could be prepared, i n good y i e l d , 
from f r e s h l y prepared crude a-campholenic acid by t h i s method. 
The methyl e s t e r obtained was p u r i f i e d by d i s t i l l a t i o n at r e -
duced pressure, b.p. 95^/10 mm. 
2. Methyl E s t e r of g-Campholanic Acid 
Methyl a-campholanate was prepared by reduction of 
methyl a-campholenate with hydrogen i n presence of platinum 
oxide c a t a l y s t . The saturated ester so obtained proved to be 
homogeneous by V.P.C. a n a l y s i s . Only one single symmetrical 
band could be detected i n the V.P.C. tracing of t h i s product. 
When palladium on charcoal was used as a c a t a l y s t the saune 
compound was obtained. 
I t i s worth mentioning i n t h i s connection that Lipp 
(10) reported that reduction of a-campholenic acid with hydro-
gen and platinvun black y i e l d s e x c l u s i v e l y c i s a-campholanic 
acid, whereas reduction of the amide i n the same manner pro-
duces the amide of the trans isomer. The stereochemistry of 
the ester obtained i n the present work was not determined 
since the mass spectrum does not di s t i n g u i s h between stereo-
isomers of t h i s type (11)-
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3. Methyl g-Campholenate 
Although mineral acids catalyze the conversion of 
a-campholenic acid to dihydro-P-caunpholenolactone, action of 
acids on a-campholenamide produce the P-isomer which can be 
hydrolyzed to the corresponding acid ( 6 ) . -Also, a-campholeno-
n i t r i l e can be converted to the P-isomer by the action of acids. 
However, instead of preparing the amide derivative of t h i s acid, 
the methyl ester was d i r e c t l y converted to the p-isomer by the 
action of 18 N s u l f u r i c acid. About 80% of the product was the 
desired methyl P-campholenate, 17% was dihydro-P-campholeno-
lactone, and 3% of the s t a r t i n g methyl a-campholenate was re-
covered. The desired ester was p u r i f i e d by d i s t i l l a t i o n at 
reduced pressure. 
4. Methyl p-Campholsinate 
The methyl ester of P-campholanic acid was prepared by 
reduction of methyl p-campholenate with hydrogen and platinum 
oxide or palladium on charcoal. The V.P.C. tracing of the 
hydrogenation product using a s i l i c o n e column (10 f t . x 3/8 
i n . , 20% s i l i c o n e grease) indicates that the two possible 
isomers, c i s and trans methyl p-campholanate, were obtained 
(two bands were observed at the retention times of 16.2 and 
19 minutes). 
I t i s of i n t e r e s t to notice that the r a t i o of these 
two isomers depends on the c a t a l y s t used. In the presence 
of platinum oxide the 19-minute band was more abiindant than 
the 16-minute band, whereas, when palladium on charcoal was 
used as a c a t a l y s t , the 16-minute band was predominant. 
I t has been reported that hydrogenation of iinsaturated 
110 
compounds i n presence of platinim oxide as a c a t a l y s t produces 
predominauitly c i s products. Thus, the longer retention time 
band i s probably the methyl ester of c i s P-campholanate and 
the other band the trans isomer. 
The reactions discussed above are summarized i n the 
flow sheet. Table 6-2. 
Table 6-2 
Conversions of a-Campholenic Acid 
OH 
d i s t i l . . 
traces of H" 
I I I 
Me2S0^, 
hindered 
base 
18N H2S0^, 
i) r e f l u x 
c a t a l y t i c reduction 
.OMe 
0 
VI 
IV 
>trt Me 
V I I 
IV 
c a t a l y t i c 
reduction 
OMe OMe 
V I I I IX 
I l l 
5. Methyl 2,6-Dimethylcyclohexylacetate 
The methyl ester of 2,5^dimethylcyclohexylacetic acid 
was prepared according to the simple procedure outlined i n the 
flow sheet presented i n Table 6-3. 2,6-Dimethylcyclohexanone 
(X) was allowed to react with a large excess of methyl a-bromo-
acetate and zinc metal under the Reformatsky reaction condi-
tions ( 1 2 ) . The crude product, methyl 2,6-dimethyl-l-hydroxy-
cyclohexylacetate (XI) was contaminated with a l i t t l e of the 
s t a r t i n g ketone. Unfortunately, attempted dehydration of XI 
by heating with iodine at about 200*^ (13) was unsuccessful for 
i t led to the Y-lactone X I I . However, when the dehydration 
was c a r r i e d out by t r e a t i n g the crude ester with phosphorous 
oxychloride and pyridine (12), a mixture of the unsaturated 
est e r s , X I I I and XIV, was obtained. As expected, about 95% of 
t h i s mixture was the p,Y-xinsaturated ester X I I I (the thermo-
dynamically more stable isomer). This mixture was c a t a l y t i c a l 
l y reduced with hydrogen to produce the three possible isomers 
XV, XVI, and XVII, 
I t i s of i n t e r e s t to notice that the r a t i o of these 
isomers i s dependent on the c a t a l y s t ( c f . -Table 6-4). 
When palladi\im i s used as a c a t a l y s t band 1 i s pre-
dominant whereas i n presence of platinum oxide band 3 becomes 
the most abundant one. This phenomenon has been observed 
previously by S. Siegel and his coworkers (14,15) during the 
hydrogenation of disubstituted cyclohexenes. Moreover, these 
investigators reported that predominantly c i s products r e s u l t 
The author wishes to thank Professor V. G. Dauben 
and Dr. Todd Wipke of t h i s department for the sample of 
t h i s ketone. 
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Table 6-3 
Synthesis of Methyl 2,3-Dimethylcyclohexaneacetate 
X 
BrCH2C02Me 
Zn 
I OH JL ^ .OMe r ^ ^Cr T LX !  
200 
OMe 
X I I I 
95% 
trans 
XV 
=0 
XI X I I 
POClj 
i n pyridine 
6rr 
XIV 
5% 
c a t a l y t i c 
hydrogenation 
OMe 
XVI 
CIS 
XVII 
OMe 
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Table 6-4 
Hydrogenation Products from 
Methyl 2,6-Dimethylcyclohexenylacetate 
R e t e n t i o n time % of T o t a l 
Band min, Pt Pd Remarks 
1 59-8 16.4 53.5 t r a n s , XV 
2 50.7 15.1 16.5 XVI 
5 55.7 68.5 5 0 . 2 c i s , X V I I 
when dimethylcyclohexene or 2,5-dimethoxycyclohexene i s hydro-
genated i n a c e t i c a c i d u s i n g platinum oxide as a c a t a l y s t . On 
the other hand, predominantly t r a n s products were obtained when 
the hydrogenation of dimethylcyclohexene was c a t a l y z e d by p a l -
ladium on c h a r c o a l . Thus, as i s i n d i c a t e d i n Table 6-5, i t i s 
probable t h a t band 1 i s the methyl e s t e r of t r a n s 2,6-dimethyl-
c y c l o h e x a n e a c e t i c a c i d (XV), band 3 i s the c i s isomer ( X V I I ) 
and bajad 2 i s the t h i r d p o s s i b l e isomer, XVI. 
The s y n t h e s i s of the a,3-unsaturated e s t e r s w i l l be 
d i s c u s s e d l a t e r i n t h i s c h a p t e r . 
Mass S p e c t r a of the Model Compounds 
The mass s p e c t r a of the e i g h t monocyclic methyl e s t e r s 
are shown i n F i g u r e s 6-1 to 6-4. P a r t i a l mass s p e c t r a of the 
f o u r s a t u r a t e d and four u n s a t u r a t e d e s t e r s are shown i n Tables 
6-5 and 6-6 r e s p e c t i v e l y . Although a l l the s p e c t r a have, some 
common f e a t u r e s , they a r e a l l d i s t i n g u i s h a b l e (except f o r the 
c i s and t r a n s isomers of methyl p-campholanate which have very 
similfiir fragmentation p a t t e r n s , as u s u a l f o r c i s , t r a n s 
i s o m e r s ) . 
Although a l l the s p e c t r a show the molecule-ion as w e l l 
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Table 6-5 
P a r t i a l Mass S p e c t r a of Methyl E s t e r s 
of the S a t u r a t e d Acids, ^ i o % 8 ^ 2 
m/e A B C D 
41 100 100 100 79a 
43 31 26 26 36 
55 89 83 47 70 
59 21 20 19 17 
69 69 75 97 55 
74 70 55 14 100 
83 8 13 22 5 
84 3 12 44 — 
95^ 77 47 26 57 
109 7 9 8 10 
110 68 73 16 21 
111 85 26 4 60 
113 35 29 2 6 
127 0.5 6 23 2 . 5 
153° 7 10 9 5 
169^ 1.1 1.6 1 0.5^ 
184® 0.4 0.7 5 2 . 5 
A - t r a n s methyl p-campholanate 
B - c i a methyl P-campholanate 
C - methyl a-campholanate 
D - methyl 2 , 6 - d i m e t h y l c y c l o h e x y l a c e t a t e 
^The base peak i s the rearrangement peak, m/e 74-
^M-(methyl + the rearrangement fragment), 
*^M-3l, due to l o s s of methoxyl group from the molecule-ion. 
*^M-15» due to l o s s of methyl r a d i c a l from the molecule-ion, 
the molecule i o n . 
^The M-15 peak i s unusually i n t e n s e i n the spectrum of methyl 
2 , 2 , 6 - t r i m e t h y l c y c l o h e x y l a c e t a t e ( 1 7 ) , due to the presence 
of the gem-dimethyl group, i n c o n t r a s t w i t h the 2,6-di-
,ycT(" m e t h y l c y c l o h e x y l a c e t a t e 
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Table 6-6 
P a r t i a l Mass S p e c t r a of the Methyl E s t e r s 
of the Unsaturated Acids, ^IQ^^^O.^ 
m/e A B C D 
41 53 100 42 100 
51 8 . 5 17 9 13 
53 22 38 17 30 
55 14 41 15 46 
67 12 30 9 20 
69 60 3 12 
3 1 - 1 
81 8 39 10 19 
93^ 53 22 26 16 
107 81 45 100 35 
108^ 100 15 13 12 
123 2 67 12 21 
125 5 .5 21 8 6 
135^ 5 .5 27 5 11 
167® 28 46 71 3 7 . 5 
182^ 12 21 10 18 
A - methyl a-c aimpho 1 enat e 
B - methyl 2 , 2 , 3 - t r i m e t h y l c y c l o p e n t y l i d e n e a c e t a t e 
C - methyl P-campholenate 
D - methyl 2 , 3 , 3 - t r i m e t h y l c y c l o p e n t y l i d e n e a c e t a t e 
a The rearrangement peak. 
^M-(methyl + the rearrangement fragment) 
M^ - the rearrangement peak. 
M^ - 47 (M - methyl - methanol). 
®M - methyl, 
M^, the molecule-ion. 
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as the M-15 peaks, the Linsaturated e s t e r s , as expected, show 
a g r e a t s t a b i l i t y of t h e s e i o n s , as evidenced from the h i g h 
i n t e n s i t y of t h e s e peaks- Moreover, i t i s of i n t e r e s t to 
n o t i c e t h a t i n the case of the s a t u r a t e d e s t e r s , the M-15 peak, 
though s m a l l , i s s i g n i f i c a n t l y more i n t e n s e f o r the compounds 
which have a gem-dimethyl group ( c f . Table 6-5)- T h i s f o l l o w s 
l o g i c a l l y from the f a c t t h a t when the gem-dimethyl group i s 
p r e s e n t the i o n produced by l o s s of the methyl r a d i c a l from 
the m o l e c u l e - i o n i s the more s t a b l e t e r t i a r y caxbonium ion-
Another i n t e r e s t i n g f e a t u r e shown i n Table 6-6 i s t h a t 
the f r a g m e n t a t i o n p a t t e r n s of a l l the u n s a t u r a t e d e s t e r s are 
d i f f e r e n t , although double-bond isomers of some types a r e r e -
ported to g i v e r a t h e r s i m i l a r , sometimes almost i d e n t i c a l , 
mass s p e c t r a . However, i t has a l s o been r e p o r t e d (16) t h a t 
a,P- and p ,Y-double bond isomers produce s i g n i f i c a n t l y d i f f e r -
ent mass s p e c t r a . T h i s i s a t t r i b u t e d to the f a c t t h a t the 
presence of the double bond prevents the rearrangement f r a g -
mentation fro'm o c c u r r i n g ( s e e l a t e r ) ; furthermore, the migra-
t i o n of the double. ySnd^o a p o s i t i o n f a r t h e r removed from the 
e s t e r group i s u s u a l l y e n e r g e t i c a l l y unfavorable i n the a , p -
isomer because of the l o s s of c o n j u g a t i o n , and i n the p , r -
isomer because of the tendency of the double bond to migrate 
to the a , p - p o s i t i o n r a t h e r than away from the carbonyl group. 
Moreover, double-bond isomers of c y c l i c compoxinds are prone 
to produce r a t h e r d i f f e r e n t s p e c t r a ( 1 6 ) . Thus, the observed 
d i f f e r e n c e between the s p e c t r a of the u n s a t u r a t e d e s t e r s under 
i n v e s t i g a t i o n a r e not unexpected. I n a d d i t i o n to being c y c l i c 
compounds, t h r e e of them a r e e i t h e r a , p - or p , Y-unsaturated 
e s t e r s . 
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As has been d i s c u s s e d i n Chapter 5, methyl e s t e r s of 
a l i p h a t i c a c i d s u s u a l l y undergo, under e l e c t r o n impact, a r e -
arrangement cleavage i n v o l v i n g rupture of the 2,3-bond w i t h 
simultaneous rearrangement of one hydrogen atom from C -4 to 
produce an oxygen-containing fragment (m/e 74) and an unsatu-
r a t e d hydrocarbon (M-74). The p o s i t i v e charge i s u s u a l l y 
c a r r i e d by the oxygen-containing fragment to produce a v e r y 
i n t e n s e peak ( i n most c a s e s the base peak) at m/e 74. 
I n the mass s p e c t r a of the compounds under i n v e s t i g a -
t i o n , the rearrangement peak i s the base peak only i n one case 
(t h e methyl e s t e r of 2 , 6 - d i m e t h y l c y c l o h e x y l a c e t i c a c i d ) . I n 
the case of methyl p-campholanate ( c f . F i g u r e 6-2), i t appears 
th a t the charge i s approximately e q u a l l y d i s t r i b u t e d between 
the oxygen-containing fragment ( 7 4 ) and the unsaturated hydro-
carbon (110; M-74), A r a t h e r strange behavior i s t h a t of the 
methyl a-campholanate. I n t h i s case, although the charge seems 
to be about e q u a l l y d i s t r i b u t e d between the hydrocsirbon and 
the oxygen-containing fragments, these two peaks, m/e 74 and 
110, are r a t h e r s m a l l , i n s p i t e of the presence of two protons 
a t the Y-carbon atom. As expected, t h i s rearrangement peak i s 
almost absent from the s p e c t r a of a , P - and P ,Y-unsaturated 
e s t e r s ( c f . Table 6-6); such rearrangement i s prevented due 
to the presence of the double bond. 
I n the spectrum of methyl a-campholenate ( c f . F i g u r e 
6-3, graph A), the peak a t m/e 108, base peak, i n d i c a t e s t h a t 
the p o s i t i v e charge i s completely r e t a i n e d on the u n s a t u r a t e d 
hydrocarbon fragment ( s e e equation 1 ) . T h i s may be due to the 
s t a b i l i t y of the r a d i c a l i o n , X V I I I . T h i s fragment may l o s e 
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one hydrogen atom to produce the corresponding s t a b l e i o n of 
m/e 107. 
C-^ OMe 
X V I I I 
m/e 108 
( 1 ) 
m/e 107 
The base peak i n the spectrum of methyl P-campholenate, 
a t m/e 107 ( c f . F i g u r e 6 - 3 i graph B ) , i s quite remarkable 
indeed. T h i s r e p r e s e n t s l o s s of the rearrangement fragment 
( 7 4 ) and a hydrogen but the route suggested i n equation ( 1 ) i s 
prevented by the presence of the double bond on the carbon car-
r y i n g the a c e t i c a c i d s i d e c h a i n and by the remoteness of the 
gem-dimethyl. Such an i n t e n s e i o n would seem to r e q u i r e the 
h i g h l y s t a b i l i z e d s t r u c t u r e : 
T h i s s t r u c t u r e would r e q u i r e a sequence of m u l t i p l e rearrange-
ments of a type f o r which t h e r e appears to be no precedent. 
I n the mass s p e c t r a of the unsa t u r a t e d e s t e r s ( c f . 
Ta b l e 6 - 6 ) , a f a i r l y i n t e n s e peak i s observed a t m/e 135 
( r i - 4 7 ) . T h i s peak i s probably due to the fragment produced 
by l o s s of methyl followed by l o s s of a methanol molecule 
from the m o l e c u l e - i o n as shown i n equation ( 2 ) . F o r the 
s p e c i f i c s t r u c t u r e shown i n equation ( 2 ) , the sequence shown 
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i n the lower l i n e i s probably much l e s s s i g n i f i c a n t than the 
upper one which i n v o l v e s a lower energy resonance form; how-
ever, the lower route i s , i n g e n e r a l , a p o s s i b l e one. The 
f a c t t h a t the i n t e n s i t y of the m/e 155 peak i s much higher i n 
the c a s e of the a,P-unsaturated e s t e r s than i n the case of the 
other isomers, supports t h i s mechanism s i n c e i n the l a t t e r case 
one of the hydrogen atoms of the a-methylene group must a l s o be 
rearranged i n order to produce such a fragment. 
TT * 
(2) 
The peak a t m/e 125 i n the unsaturated e s t e r s could be 
due to any one of these fragments; OgH^ ^^ , CgHj^ -j^ O or Qrj'&rp^. 
The CgHj^^ fragment could be produced by l o s s of the carbometh-
o x y l group by simple cleavage of the 1,2 bond. T h i s may be a 
p l a u s i b l e e x p l a n a t i o n i n the case of methyl p-campholenate 
s i n c e the carbonixam i o n produced by the rupture of t h i s bond 
i s the more s t a b l e a l l y l i c carbonium i o n . However, the f a c t 
t h a t t h i s peak i s more i n t e n s e i n the case of a,p-imsaturated 
e s t e r s i s a g a i n s t t h i s e x p l a n a t i o n . Also, i n the mass spectrum 
of methyl a-campholenate, a very i n t e n s e peak i s observed a t 
m/e 84. T h i s peak can be a t t r i b u t e d to one of the f o l l o w i n g 
fragments: C^Hj^2* ^5^8^ 0^H^02. Such fragments must be 
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produced by a r a t h e r complicated mechanism which cannot be 
deduced from the data a t hand. D i f f e r e n t i a t i o n between these 
p o s M b l e fragments may be achieved by i n v e s t i g a t i o n of the high 
r e s o l u t i o n mass s p e c t r a of these compounds; however, t h i s equip-
ment i s not immediately a v a i l a b l e f o r the present i n v e s t i g a t i o n . 
A r a t h e r i n t e r e s t i n g f e a t u r e i n the mass spectrum of 
the methyl e s t e r of a-campholanic a c i d ( c f . F i g u r e 6-1, Graph A) 
i s the presence of a v e r y i n t e n s e peak at m/e 127. T h i s peak 
may be a t t r i b u t e d to the t e r t i a r y a l l y l i c i o n CqH^^02» r e p r e -
s e n t e d by formula XIX, which i s r e s o n a n c e - s t a b i l i z e d to some 
e x t e n t . The f o l l o w i n g p l a u s i b l e mechanism i s suggested f o r the 
f o r m a t i o n of t h i s fragment-
CHjCH2CH2CH2-
+ 
8 
XIX m/e 127 
The a s s i g n e d s t r u c t u r e , XIX, r e c e i v e s c o n s i d e r a b l e 
support from the presence of a f a i r l y i n t e n s e peak a t m/e 113 
i n t he mass s p e c t r a of both c i s and t r a n s methyl p-campholanate 
( c f . F i g u r e 6 - 2 ) . T h i s peak i s a t t r i b u t e d to the fragment XX 
( c f . e q u ation 4) which can be produced from the molecule-ion 
a c c o r d i n g to the same mechanism i l l u s t r a t e d above-
OMe g 
r X A ^ y \ ) I l e - 7^CH2-
XX 
m/e 113 
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The most i n t e r e s t i n g f e a t u r e i n the s p e c t r a of the 
s a t u r a t e d e s t e r s i s the peak at m/e 95• Thi s peak i s almost 
c e r t a i n l y due to a fragment M - (15 + 7 4 ) , produced v i a a two-
ste p fragmentation p r o c e s s , which i n v o l v e s the l o s s of methyl 
r a d i c a l followed by the l o s s of the rearrangement fragment, as 
shown i n equation . . ( 5 ) • Of course the lower ion, being l e s s 
s t a b l e , would be much l e s s abundant f o r the s p e c i f i c case 
shown i n equation ( 5 ) « 
^Me 
( 5 ) 
- CH^C 
-e 
I t i s obvious from equation ( 5 ) t h a t the M-(15 + 74) 
peak can be produced only i f the compound under i n v e s t i g a t i o n 
has a methyl or methyls s u b s t i t u t e d a t the carbon atom a d j a c e n t 
to the double bond which i s formed as a r e s u l t of the l o s s of 
the rearrangement fragment. Moreover, according to equation 
( 5 ) i t would be expected t h a t i f an e t h y l i s p r e s e n t i n s t e a d 
of the methyl group a peak at M-(29 + 74) w i l l be observed. 
T h i s f e a t u r e w i l l prove of s p e c i f i c s i g n i f i c a n c e i n connection 
w i t h determination of the struct\xre of methyl 3-ethyl - 4-methyl-
c y c l o p e n t y l a c e t a t e ( s e e Chapter 7 ) . 
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Legend to Figxire 6-1 
Mass s p e c t r a of methyl a-campholanate and methyl 2 , 6-dimethyl-
c y c l o h e x y l a c e t a t e . 
Graph A: 
Methyl a-campholanate 
F e a t u r e s of i n t e r e s t : 
m/e Remarks 
+ 
41 base peak, CH2CH=CH2. 
55 C^Hr;"". 
69 C^ Hg"**, very i n t e n s e . 
74 the rearrangement peak. 
84 See d i s c u s s i o n . 
95 M-(15 + 7 4 ) ; l o s s of methyl and the rearrange 
ment fragment from the molecule-ion. 
110 M-74; l o s s of the rearrangement fragment 
127 M-55. 
153 M-31; l o s s of methoxyl group. 
169 M-15; l o s s of methyl. 
184 M, the molecule-ion. 
Graph B; 
Methyl 2 , 6 - d i m e t h y l c y c l o h e x y l a c e t a t e 
m/e 
74 base peak, the rearrangement fragment. 
95 M-(15 + 7 4 ) . 
111 M-73i probably due to l o s s of CE2C02Me. 
153 M-31. 
169 M-15. 
184 M, the molecule-ion. 
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Legend to F i g u r e 6-2 
Mass s p e c t r a of c i s and t r a n s methyl p-cajnpholanate 
Graph A Graph B 
Methyl trans - P-campholanate Methyl cis-p-campholanate 
F e a t u r e s of i n t e r e s t : 
m/e Remarks 
41 base peak. 
74 rearrangement peeik. 
95 M-(15 + 7 ^ ) ; l e s s abundant i n the c i s form. 
110 M-74. 
111 M-73, probably due to l o s s of CHpCOpMe from 
the molecule-ion, very i n t e n s e i n the t r a n s 
form. 
113 M-71 (see d i s c u s s i o n ) . 
153 M-31. 
169 M-15 
184 M, the molecule-ion 
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Legend to F i g u r e 6-3 
Mass s p e c t r a of methyl a- and p-campholenate 
Graph A Graph B 
Methyl a-campholeiiate Methyl p-campholenate 
F e a t i i r e s of i n t e r e s t ; 
m/e Remarks 
93 M-(15 + 7 4 ) , 
107 ^ M-75» base peak of the P-isomer. 
108 M-74, base peak of the a-isomer, only 13% 
i n the p-isomer. 
155 M-(15 + 32), l o s s of CHj + CH^OH, 
151 M-31 
167 M-15» e x t r a o r d i n a r i l y i n t e n s e i n the 
spectrum of the p-isomer. 
182 M, the molecule-ion. 
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Legend to F i g u r e 6-4 
Mass s p e c t r a of methyl 2,2 , 5 - and 2 , 5 , 5 - t r i m e t h y l -
c y c l o p e n t y l i d e n e a c e t a t e s 
Graph A Graph B 
Methyl 2 , 2 , 5 - t r i m e t h y l c y c l o - Methyl 2 , 5 , 5 - t r i m e t h y l c y c l o -
p e n t y l i d e n e a c e t a t e p e n t y l i d e n e a c e t a t e 
F e a t u r e s of i n t e r e s t : 
m/e Remarks 
41 base peak. 
69 C5H9"'", more abundant i n the case of the 
2,2 , 5-isomer. 
95 M-(15 + 7 4 ) , more i n t e n s e i n the case of 
the 2,2 , 5-isomer. 
107 M-75 ( s e e d i s c u s s i o n of the campholenate). 
125 M-59, l o s s of CO2CR3, more i n t e n s e i n the case 
of 2,2 , 5-isomer. 
155 M-(15 + 5 2 ) . 
151 M-51, l o s s of MeO from the molecule-ion. 
167 M-15-
182 M, the molecule-ion. 
125a 
100 
( A ) 
50 
LLLJI lUi LJL J L 
50 100 150 m/e 
100 
( B ) 
50 
lull Jul 
50 
UliiiLuL 
100 
l J j _ 
150 m/e 
126 
Examination of Degradative Procedure 
I n connection with the s t r u c t u r e determination of the 
monocyclic C^^ a c i d i s o l a t e d from petroleum, an examination 
of a d e g r a d a t i v e procedure was undertaken, i n order to supple-
ment mass spectroscopy f o r e l u c i d a t i n g the s t r u c t u r e of t h i s 
a c i d . Although the presence of a s u b s t i t u e n t on the r i n g i n 
the c y c l i c e s t e r s can be d e t e c t e d i n the mass s p e c t r a , no \in-
ambiguous i n f o r m a t i o n about the p o s i t i o n of t h i s s u b s t i t u e n t 
can be drawn from the fragmentation p a t t e r n , on the b a s i s of 
i n f o r m a t i o n secured thus f a r . T h i s problem can be e a s i l y 
s o l v e d by degradative i n v e s t i g a t i o n s provided t h a t a s u f f i c i e n t 
amoimt of the s t a r t i n g m a t e r i a l i s a v a i l a b l e . Unfortunately, 
the i s o l a t i o n of a l a r g e amount of any of the a c i d s from p e t r o l 
eum i s a t e d i o u s and time-consuming p r o c e s s . T h i s n e c e s s i t a t e s 
the development of a degradative procedure f o r s t r u c t u r e d e t e r -
mination with the use of only r e l a t i v e l y s m a l l ajnounts of the 
s t a r t i n g m a t e r i a l . The f o l l o w i n g scheme was s e l e c t e d f o r 
i n v e s t i g a t i o n . 
Br 
2' 
C ^ 
( CHj)^/^C=CH-C02Me 
I n the N.M.R. spectrum of the a-bromoester, the s i g n a l 
from the a-hydrogen atom i s expected to be s h i f t e d downfield 
to about T 6. Examination of the s p l i t t i n g of t h i s band should 
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determine whether a s u b s t i t u e n t i s present at the P - p o s i t i o n 
or not. I f there i s no s u b s t i t u e n t at the P-position, t h i s 
band i s expected to be a doublet provided that the d i h e d r a l 
angle between the atoms invo l v e d i s of the appropriate value 
(see l a t e r ) . Moreover, i n the N.M.R. spectrum of the \msatu-
r a t e d e s t e r the protons on the carbon atoms P- to the double 
bond ( a l l y l i c protons) should be s h i f t e d downfield ( a t about 
T 7 - 8 ) . Thus, by i n v e s t i g a t i n g the N.H.R. s p e c t r a of the a-
bromo e s t e r and the a,P-unsaturated e s t e r , i n p r i n c i p l e the 
p o s i t i o n of an a l k y l s u b s t i t u e n t i n the r i n g can be determined. 
a-Bromo e s t e r s can be prepared from the a c i d s by the 
H e l l - V o l h a r d - Z e l i n s k y method- The dehydrobromination of methyl 
a-bromo 3 - c y c l o p e n t y l a c e t a t e has been s t u d i e d i n these l a b o r a -
t o r i e s ( 1 8 ) , u s i n g s e v e r a l dehydrobrominating agents. Quino-
l i n e i s reported to be the best dehydrobrominating agent i f the 
a,P-unsaturated e s t e r i s r e q u i r e d . I n t h i s i n v e s t i g a t i o n t h i s 
procedure has been a p p l i e d to d i f f e r e n t c y c l o p e n t y l - and c y c l o -
h e x y l a c e t i c a c i d s i n order to determine the scope and l i m i t a -
t i o n s of the method. 
The model compounds used f o r t h i s purpose were: c y c l o -
p e n t y l a c e t i c a c i d , a- and P-campholanic a c i d s , c y c l o h e x y l a c e t i c 
a c i d and 2 , 5 - d i m e t h y l c y c l o h e x y l a c e t i c a c i d . Some of t h e s e 
a c i d s are commercially a v a i l a b l e ajid the others were obtained 
by h y d r o l y s i s of t h e i r methyl e s t e r s which had been prepared 
as d i s c u s s e d e a r l i e r i n t h i s chapter. 
The a-bromo e s t e r s of these a c i d s were prepared, i n 
good y i e l d (about 7 0 - 9 0 % ) , by the H e l l - V o l h a r d - Z e l i n s k y method 
(1 9 ) - Although i t i s p o s s i b l e to o b t a i n two d i f f e r e n t s t e r e o -
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isomers ( t h r e o and e r y t h r o ) , only one symmetrical band was 
d e t e c t e d i n the V.P.C. t r a c i n g of a l l these a-bromo e s t e r s ; 
t h i s i s t r u e even i n the c a s e s where the N.M.Ro s p e c t r a i n -
d i c a t e the presence of the two s t e r e o i s o m e r s i n the product 
Thus, i t appears t h a t such s t e r e o i s o m e r s , at l e a s t i n the 
c a s e s under investigation» a r e not s e p a r a b l e by V.P.C. 
The p o s i t i o n s of the bands of i n t e r e s t i n the N.M.R 
s p e c t r a , as w e l l as the c o u p l i n g c o n s t a n t s , are shown i n 
Table 6-7-
Table 6-7 
P a r t i a l N.M.R. S p e c t r a of the a-Bromo E s t e r s 
(a-
Compoiind 
-bromo d e r i v . ) 
a-proton 
( c e n t e r of the 
band, T)* J ( c p s ) Remarks 
Methyl c y c l o p e n t y l a c e t a t e . 6 . 0 5 10 doublet 
Methyl a-caunpholanate 5-92 10 doublet 
Methyl P-campholanate 5.59, 8 two 5.62 5 doublets 
Methyl c y c l o h e x y l a c e t a t e 6.03 8 doublet 
Methyl 2,6-dimethylcyclo-
h e x y l a c e t a t e 5.3 — s i n g l e t 
These v a l u e s are w i t h r e f e r e n c e to T.M.S. as 
e x t e r n a l s t a n d a r d . 
I t i s c l e a r from Table 6-7 t h a t the expected doublet 
was observed i n a l l c a s e s except those of methyl a-bromo-p-
campholanate aind methyl a-bromo-2,6-dimethylcyclohexylacetate. 
I n the f i r s t c a s e two doublets were de t e c t e d . T h i s i s a t t r i b u t 
ed to the f a c t t h a t the product a-bromo e s t e r may be a mixture 
of the two p o s s i b l e s t e r e o i s o m e r s (one doublet f o r each isomer). 
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On the other hand, the s i n g l e t observed i n the case of a-bromo-
2,6-d i m e t h y l c y c l o h e x y l a c e t a t e can be i n t e r p r e t e d on the b a s i s 
of the dependence of the coupling constsint on the d i h e d r a l 
angle. I t has been reported (20) t h a t the coupling constant 
approaches zero as the d i h e d r a l angle approaches 90^, and be-
comes l a r g e r as the d i h e d r a l angle becomes l a r g e r or s m a l l e r 
than 9 0 * ^ . I t appears t h a t the s t e r i c hindrance between the 
two methyl groups and the bulky bromine atom prevents the f r e e 
r o t a t i o n about the bond between the a- ajid p- carbon atoms and 
f r e e z e s the system i n such a way t h a t the d i h e d r a l angle be-
tween the a- and p-protons i s about 9 0 ^ . 
The a-bromo e s t e r s were dehydrobrominated by heating 
with q u i n o l i n e at 160^ f o r 5 hours (21) to produce a,p-vinsatu-
r a t e d e s t e r s which were p u r i f i e d by V.P.C. I n a l l c a s e s there 
was observed a band at v e r y long r e t e n t i o n time (N.P.G.S. 
column), but on a s i l i c o n e column t h i s band has about the same 
r e t e n t i o n time as methyl 2 , 3 , 3 - t r i m e t h y l c y c l o p e n t y l i d e n e a c e -
t a t e . T h i s band (about 5-8% of the crude product) was fotmd 
to be due to an aromatic compound which must be obtained from 
q u i n o l i n e s i n c e i t Was observed i n a l l c a s e s under i n v e s t i g a -
t i o n - Moreover, some other s m a l l bands of s h o r t e r r e t e n t i o n 
times than the d e s i r e d product were a l s o detected but they 
were n e g l e c t e d s i n c e they are p r e s e n t i n very s m a l l concentra-
« 
One of these bands has the same r e t e n t i o n time as the 
parent s a t u r a t e d e s t e r , at l e a s t i n two c a s e s (methyl e s t e r s 
of a-campholanic and 2 , 6 - d i m e t h y l c y c l o h e x y l a c e t i c a c i d s ) . The 
formation of such compounds i s not c l e a r but they were not 
p r e s e n t i n the s t a r t i n g m a t e r i a l (a-bromo e s t e r ) . The other 
bands are probably due to the e n d o c y c l i c double bond isomers. 
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t i o n s ( 2 - 5 % ) . 
I n a l l c a s e s except t h a t of methyl a-bromo-2,6-dimethyl-
c y c l o h e x y l a c e t a t e , the d e s i r e d a , P-unsaturated e s t e r was the 
major product ( 8 5 - 9 0 % of the crude product according to the 
V.P.C.). I n the one case no a p p r e c i a b l e amount of the d e s i r e d 
e s t e r was obtained. Moreover, the major product ( 6 6 % of the 
crude product) has a longer r e t e n t i o n time than the a,P- or 
P,T-unsaturated e s t e r s which were detected as very small bands 
i n the V.P.C. t r a c i n g . The U.V. spectrum i n d i c a t e s that t h i s 
major product i s an aromatic compound C^j^g^ 223, e = 80,000). 
T h i s i s not the u s u a l aromatic compound mentioned above s i n c e 
the l a t t e r was a l s o detected a t a l i t t l e longer r e t e n t i o n time 
than t h i s compound. 
The formation of the aromatic compound i s not quite 
c l e a r but i t may be produced by dehydrogenation of the s i x -
membered r i n g . The f a i l u r e to o b t a i n the d e s i r e d product i s 
probably due to s t e r i c f a c t o r s ^ s i n c e the i n t r o d u c t i o n of the 
double bond r e q u i r e s the C-2, C-6 and the carbonyl of the 
carbomethoxy group to be i n the same plane. Such conformation 
i s expected to be s t e r i c a l l y unfavored due to i n t e r a c t i o n of 
the two methyls and the carbomethoxy group. Moreover, the 
d e s i r e d compound i s the thermodynamically l e s s s t a b l e product 
w i t h r e f e r e n c e to the endo isomer. 
P a r t i a l N.M.R. s p e c t r a of the a , P-unsaturated e s t e r s 
a r e g i v e n i n F i g u r e 6-5- As expected, the v i n y l proton i s 
d e t e c t e d a t about T ^.3- The f i n e s p l i t t i n g observed i n t h i s 
s i g n a l i s probably due to long-range coupling. The o f f - s c a l e 
band i s due to the methyl of the carbomethoxy group. The bands 
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Legend to F i g u r e 6-3 
P a r t i a l N.M.R, s p e c t r a of the a,P-unsaturated e s t e r s . 
The s p e c t r a were run i n carbon t e t r a c h l o r i d e as a s o l v e n t with 
T.M.S. as i n t e r n a l r e f e r e n c e (except i n the case of Curve D 
where an e x t e r n a l r e f e r e n c e was u s e d ) . 
Curve A: 
Methyl c y c l o h e x y l i d e n e a c e t a t e . 
Curve B: 
Methyl c y c l o p e n t y l i d e n e a c e t a t e . 
Curve C: 
Methyl 2 , 2 , 5 - t r i m e t h y l c y c l o p e n t y l i d e n e a c e t a t e . 
Curve D: 
Methyl 2 , 5 , 3 - t r i m e t h y l c y c l o p e n t y l i d e n e a c e t a t e . 
The sharp peak at T 7«^ i n Curve D most probably 
r e s u l t s from the aromatic i m p u r i t y which was present i n t h i s 
sample (axomatic protons observed a t T 2-3). T h i s same band 
i s a l s o present i n Curve C, but c o n s i d e r a b l y s m a l l e r as were 
the aromatic protons (the V.P.C. and the U-V. spectrum i n d i -
c a t e t h a t t h i s sample was contaminated w i t h much l e s s of the 
aromatic i m p u r i t y ) . 
A 
I , 
n 
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at T 7 - 8 are a s c r i b e d to the a l l y l i c protons. I t appears t h a t 
the a l l y l i c protons on one s i d e of the r i n g are d i f f e r e n t from 
the protons on the other s i d e . For example, two bands cente r e d 
a t T 7 . 2 5 and 7 - 5 8 were observed i n the N.M.R. s p e c t r a of 
methyl c y c l o p e n t y l i d e n e a c e t a t e (Cixrve B ) , whereas only one 
band ( i m p u r i t y at T 7 . 5 ) centered at T* 7 . 2 i s d e tected i n the 
spectrum of methyl 2 , 2 , 3 - t r i m e t h y l c y c l o p e n t y l i d e n e a c e t a t e 
(Curve C ) . T h i s , presiimably, i s due to the f a c t t h a t one s i d e 
of the r i n g i s very c l o s e to the carbomethoxy group whereas 
the o t h er s i d e i s away from t h i s group. Thus, the a l l y l i c 
protons on one s i d e w i l l have d i f f e r e n t s h i e l d i n g than the 
protons on the other s i d e and consequently have a d i f f e r e n t 
chemical s h i f t . I t i s a l s o c l e a r from F i g u r e 6 - 5 t h a t the 
number of s u b s t i t u e n t s on the p o s i t i o n s adjacent to the double 
bond can be e a s i l y deduced from the N.M.R. s p e c t r a . 
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Experimental 
N.M.R*, I.R., U.V« and Mass S p e c t r a 
The N.M.R. s p e c t r a were determined on a Varian Model 
A-50 N.M.R. spectrometer. The s p e c t r a were run i n carbon t e t -
r a c h l o r i d e as a so l v e n t with t e t r a m e t h y l s i l a n e as i n t e r n a l 
r e f e r e n c e ( u n l e s s otherwise s p e c i f i e d ) . 
The I.R. s p e c t r a were determined on a Perkin-Elmer 
I n f r a c o r d 137. 
The u l t r a v i o l e t s p e c t r a were obtained on a Beckman DK-2 
r a t i o r e c o r d i n g spectrometer, with n-heptane as a s o l v e n t . 
The mass s p e c t r a reported i n t h i s chapter were obtained 
on a CEC mass spectrometer, model 21-105C, which was equipped 
w i t h an i o n m u l t i p l i e r d e t e c t o r and otherwise modified to give 
Tinit r e s o l u t i o n a t about 800. The i n l e t was heated to about 
180*^ eind the i o n i z i n g v o l t a g e was maintained a t 70 eV. 
Elementary A n a l y s e s 
M i c r o a n a l y s e s were performed by the M i c r o a n a l y t i c a l 
D i v i s i o n , Department of Chemistry, U n i v e r s i t y of C a l i f o r n i a , 
B e r k e l e y . A l l the samples, u n l e s s otherwise s t a t e d , were 
p u r i f i e d by V.P-C. 
P r e p a r a t i o n of g-Campholenic A c i d 
A s t a i n l e s s s t e e l beaker c o n t a i n i n g 20 g- of potassium 
hydroxide was heated i n a s a l t bath to about 250^. To the 
molten potassium hydroxide t h e r e was added, s l o w l y with s t i r -
r i n g , 20 g. of sodixim dl-lO-camphorsulfonate (Eastman Kodak 
Company). A f t e r the a d d i t i o n had been completed, the mixture 
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was heated, with s t i r r i n g , a t the same temperature f o r an 
a d d i t i o n a l 20 minutes, then the product was cooled to room 
temperature. To the yellow s o l i d mass obtained, 160 ml. of 
d i s t i l l e d water was added ajid the r e s u l t a n t s o l u t i o n was 
t r a n s T e r r e d to a separatory f u n n e l . T h i s a l k a l i n e s o l u t i o n 
was e x t r a c t e d twice with about 30-ml. p o r t i o n s of ether. The 
e t h e r e a l e x t r a c t was washed with water once, and the aqueous 
wash was added to the o r i g i n a l a l k a l i n e s o l u t i o n . The combined 
aqueous s o l u t i o n was e x t r a c t e d with two 3 0 - m l . p o r t i o n s of 
methylene c h l o r i d e . The organic a c i d was then l i b e r a t e d from 
the a l k a l i n e s o l u t i o n by a d d i t i o n of d i l u t e h y d r o c h l o r i c a c i d . 
The organic l a y e r was separated from the aqueous l a y e r by ex-
t r a c t i o n ( f o u r times with e t h e r ) . The e t h e r e a l s o l u t i o n was 
washed twice w i t h about 25-ml. p o r t i o n s of water and d r i e d over 
anhydrous magnesium s u l f a t e . T h i s s o l u t i o n was f i l t e r e d and 
the s o l v e n t was removed by d i s t i l l a t i o n a t atmospheric p r e s s u r e 
to produce 12 g. of crude a-campholenic a c i d . :The I.R. spec-
trum of the crude a c i d shows a broad absorption i n the OH 
region c h a r a c t e r i s t i c of c a r b o x y l i c a c i d s , a carbonyl absorp-
t i o n at 5-84 ]i and the =CH a b s o r p t i o n at 12.43 u-
The crude product was then d i s t i l l e d through a 2 - f t . 
Podbielniak column and the product (b.p. 120-124-°/6 mm.) was 
found to be mostly dihydro-P-campholenolactone. I n the I.R. 
spectrum ( t h i n f i l m of a sample c o l l e c t e d from V.P.C. of the 
d i s t i l l a t i o n p r o d u c t ) , the c a r b o n y l absorption i s s h i f t e d to 
5.68 u» and o n l y weak abs o r p t i o n ^as detected i n the OH 
r e g i o n . I t was a l s o found t h a t the a c i d i s p a r t i a l l y con-
v e r t e d to the l a c t o n e during the chromatography. Fo r example. 
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when a crude sample of the a c i d was i n j e c t e d over a s i l i c o n e 
column and the band was c o l l e c t e d as i t emerged from the 
column, the I . E . spectrum of t h i s sample showea, b e s i d e s the 
OH and the =CH bands, two bands i n the carbonyl r e g i o n a t 5 . 8 6 
and 5 . 7 ^ T h i s i n d i c a t e s that t h i s sample i s a mixtxire of 
the a c i d aoid the l a c t o n e . Moreover, when a s o l u t i o n of the 
crude a c i d i n e t h e r was kept over anhydrous magnesium s u l f a t e 
f o r tv/o days a t room temperature, again the I.R. spectrum i n d i -
c a t e d the presence of some l a c t o n e i n t h i s sample. I t was 
n o t i c e d t h a t t h i s e t h e r e a l s o l u t i o n had a strong s u l f u r dioxide 
odor. L i t . ( 7 ) b.p. of the a c i d , 9 5 o 5 ^ ( 0 . 5 ^ mm.) to 9 7 . 5 ° 
( 0 . 6 5 mm.); b.p. of the l a c t o n e , 7 8 . 5 ^ ( 0 . 5 2 mm.) to 7 5 « 5 ° ( 0 . 5 8 
mm.); t h e s e d a t a i n v o l v e some d i s c r e p a n c y (lower b^p. at 
hi g h e r p r e s s u r e ) . 
P r e p a r a t i o n of S i l v e r a-Campholenate ( 2 2 ) 
I n a 2 5 0 - m l . round-bottomed f l a s k f i t t e d with a mechani 
c a l s t i r r e r , t h e r e were p l a c e d 1 0 0 ml. of water and 7 g. of the 
crude a-campholenic a c i d . T h i s mixture was heated on a steam 
bath and about 6 N potassium hydroxide s o l u t i o n was added, 
s l o w l y w i t h s t i r r i n g , i i n t i l a pH of about 1 0 was reached. The 
steam bath was then removed and a s o l u t i o n of s i l v e r n i t r a t e 
was added, dropwise with s t i r r i n g , to the potassium s a l t s o l u -
t i o n \ m t i l complete p r e c i p i t a t i o n of the s i l v e r a-campholenate 
had o c c u r r e d , then a few ml. of the s i l v e r n i t r a t e were added 
i n e x c e s s . The s i l v e r s a l t was then c o l l e c t e d on a Btichner 
f u n n e l , washed with water s e v e r a l times ( u n t i l the f i l t r a t e 
was s i l v e r - n i t r a t e f r e e ) and drained w e l l with p r e s s i n g . 
The s a l t was washed w i t h methanol t w i c e and d r i e d i n a vacuum 
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oven at about 40°. 
Attempted P r e p a r a t i o n of Hethyl 
g-Campholenate from the S i l v e r 
S a l t ( 2 3 ) 
I n a flat-bottomed f l a s k t h e r e was placed about 100 ml 
of n-pentane ( t e c h n i c a l ) to which a mixtxire of the s i l v e r s a l t 
obtained above and c l e a n sand was added s l o w l y with s t i r r i n g 
(magnetic s t i r r e r ) . A 3 0 - g . l o t of methyl iodide was added 
( p o r t i o n w i s e ) to t h i s s o l u t i o n , and the r e a c t i o n mixture was 
s t i r r e d v i g o r o u s l y f o r 50 minutes, a f t e r which i t was l e f t 
without s t i r r i n g a t room temperature f o r about 12 hours. The 
p r e c i p i t a t e d s i l v e r i o d i d e was separated by f i l t r a t i o n ^ and 
the s o l u t i o n was washed w i t h d i l u t e sodium carbonate s o l u t i o n 
two times, then t w i c e w i t h water and d r i e d over fiinhydrous mag-
nesium s u l f a t e . The s o l v e n t was removed as u s u a l to y i e l d 
about 4-5 g- of n e u t r a l products. T h i s product was i n j e c t e d 
onto a s i l i c o n e column (10 f t . x 3/8 i n - , 20% s i l i c o n e grease 
S E - 3 0 ; temp., 148°; helium flow r a t e about 180 ml. per min.). 
Four bands were observed i n the V.P.C. t r a c i n g corresponding 
to: methyl e s t e r s of a - and P-campholenic a c i d s , dihydro-p-
campholenolactone (major product) and a f o u r t h compound whose 
s t r u c t u r e was not i n v e s t i g a t e d . The y i e l d s and r e t e n t i o n 
times o f t h e s e four compounds are shown i n Table 6-1. 
Bas e - C a t a l y z e d E s t e r i f i c a t i o n 
of g-Campholenic Acid 
I n an Erlenmeyer f l a s k t h e r e were p l a c e d 3 7 g. (0-19 
mole) of tri3-2-hydroxypropylamine, 22.4 g. (0.16 mole) of 
d i s t i l l e d dimethyl s u l f a t e sind 20 ml. of absolute methanol 
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( r e a g e n t g r a d e ) . To t h i s mixture t h e r e were added l l o 5 g. of 
f r e s h l y prepared crude a-campholenic a c i d ( see above). The 
r e a c t i o n mixture was heated with s t i r r i n g over a steam bath 
f o r about 5 minutes then cooled to room temperature. To the 
c o l d r e a c t i o n product e x c e s s water was added, and the e s t e r 
was e x t r a c t e d w i t h four 50-ml. p o r t i o n s of e t h e r . The e t h e r e a l 
s o l u t i o n was washed with water and d r i e d over anhydrous magne-
sium s u l f a t e . The s o l v e n t was removed as u s u a l and the r e s i d u e 
was f r a c t i o n a l l y d i s t i l l e d through a 2 - f t . column to y i e l d 7 . 2 
g. of methyl a-campholenate (b.p- 9 5 ^ / 1 0 mm.). 
When t h i s e s t e r was chromatographed by V.P.C. only one 
symm e t r i c a l band was d e t e c t e d . The I.R- spectrxim of t h i s 
e s t e r ( t h i n f i l m ) shows: c a r b o n y l a b s o r p t i o n at 5 * 7 5 U c h a r a c -
t e r i s t i c of a l i p h a t i c e s t e r s and =CH absorption a t 1 2 - 4 6 ]i. 
Anal. C a l c u l a t e d f o r C-|^-|^H^g02: C, 72-5; H, 9*88. Found: 
c, 72.05; H, 9 . 5 5 . 
P r e p a r a t i o n of Methyl g-Campholanate 
A sample of 7 g. of methyl a-campholenate was d i s -
s o l v e d i n about 5 0 ml- of 9 5 % ethemol. To t h i s s o l u t i o n there 
was added 0 . 2 5 S« of platinum oxide and the mixture was hydro-
genated i n a P a r r apparatus a t an i n i t i a l p r e s s u r e of about 
2 . 5 atmospheres- The c a l c u l a t e d amoxint of hydrogen was 
absorbed a f t e r about 30 minutes, but the hydrogenation was 
continued f o r about two hotirs (no more hydrogen was absorbed). 
The c a t a l y s t was s e p a r a t e d by f i l t r a t i o n , and the s o l u t i o n 
was d r i e d over anhydrous magnesiiim s u l f a t e . The s o l v e n t was 
then removed by d i s t i l l a t i o n a t atmospheric p r e s s u r e , and the 
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l a s t t r a c e s were removed by means of a r o t a r y evaporator under 
reduced p r e s s u r e , to y i e l d 5 » 5 g. of methyl a-campholanate. 
T h i s e s t e r was chromatographed by V.P.C-, using s i l i c o n e and 
N.P.G.S. columns. I n both c a s e s only one s i n g l e symmetrical 
band was observed-
When the hydrogenation was repeated u s i n g 168 mg. of 
methyl a-campholenate, 2 5 ml. of 9 5 % ethanol and 1 2 0 mg. of 
1 0 % p a l ladium on c h a r c o a l c a t a l y s t and the product chromato-
graphed on two d i f f e r e n t p a r t i t i o n i n g agents, again only one 
band was d e t e c t e d with the same r e t e n t i o n time as the e s t e r 
obtained above. 
L i t . ( 1 0 ) b.p. of cis-g-campholanic a c i d , 1 5 0 o 5 - 1 5 1 « 2 ° 
at 14 mm.; m.p. of the amide d e r i v a t i v e of trans-a-caimpholanic 
a c i d , 1 2 4 . 5 - 5 ° . 
Anal. C a l c u l a t e d f o r 0-^1^20^2' ^ ' 7 1 . 8 ; H, 1 0 . 8 8 . Pound: 
C, 71.74; H, 1 0 . 8 5 . 
P r e p a r a t i o n of Methyl P-Catmpholenate 
I n a 1 0 0 - m l . roxind-bottomed f l a s k there was p l a c e d a 
s o l u t i o n of 2 g, of methyl a-cajnpholenate i n 1 0 ml. of methyl 
a l c o h o l . About 4 ml. of 18 N s u l f u r i c a c i d was added to t h i s 
s o l u t i o n and the r e s u l t i n g r e a c t i o n mixture was r e f l u x e d on a 
steam bath f o r about 1 2 - 5 hours. The f l a s k was cooled to room 
temperature and the contents were t r a n s f e r r e d to a s e p a r a t o r y 
funnel- To t h i s s o l u t i o n e xcess water was added, and the 
organic product was e x t r a c t e d with foxxr 2 5 - m l . p o r t i o n s of 
petroleum e t h e r . The petroleum ether s o l u t i o n was washed 
three times w i t h water and d r i e d over anhydrous magnesium 
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s u l f a t e . The s o l v e n t was then removed as u s u a l and the product 
was a n a l y z e d by V.P.C. u s i n g a s i l i c o n e column (10 f t . x 3/8 
i n . , 20% s i l i c o n e column; temp., 160° and helium flow r a t e , 
about 180 ml. per min.). The V.P.C. i n d i c a t e d t h a t t h i s prod-
u c t i s a mixture of about 80% of the d e s i r e d methyl p-camphole-
nate, 1 7 % of dihydro-p-campholenolactone and 3 % of the s t a t r t i n g 
methyl a-campholenate. 
T h i s crude product was d i s t i l l e d through the u s u a l 
column to produce l o 3 g- of methyl 3-campholenate (b.p. 85^/10 
mm.). The V.P.C. t r a c i n g of t h i s product i n d i c a t e d t h a t the 
d e s i r e d methyl p-campholenate was contaminated with about 1% 
of the a-isomer. 
A n a l . C a l c d . f o r 0-^-^E-^QO2' C, 7 2 . 5 ; H, 9-88. Found, C, 72.9; 
H, 11.0 ( t h i s a n a l y s i s was obtained on an 0.4 mg. sample c o l -
l e c t e d from V.P.CO-
The I.R., W.M.R. and U.V. s p e c t r a of t h i s e s t e r a r e 
g i v e n i n the d i s c u s s i o n s e c t i o n of t h i s chapter. 
P r e p a r a t i o n of Methyl g-Caimpholanate 
A 1-g. sample of methyl p-campholenate was d i s s o l v e d 
i n 5 0 ml, of 9 5 % ethanol and 0.2 g. of platinum oxide was 
added. T h i s e s t e r was hydrogenated as u s u a l (see above). I t 
was n o t i c e d t h a t the hydrogen p r e s s u r e dropped r a p i d l y during 
the f i r s t h a l f hour and the hydrogenation stopped completely 
a f t e r 2 hours. Addition of more c a t a l y s t (0.2 g.) at t h i s 
s tage promoted more hydrogen absorption. A f t e r 24 hours the 
c a l c u l a t e d amoxint of hydrogen had been absorbed. The V.P.C. 
t r a c i n g of t h i s product u s i n g 10 f t . x 3/8 i n . , 20% s i l i c o n e 
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grease (temp., 160^ and helium flow rate, about 180 ml, per 
min.) indicated that the hydrogenation was not complete. Three 
bands were observed: the f i r s t one, 47% (retention time 14 
min.) i s the s t a r t i n g material; the second (25%, retention time 
16 min.) and the t h i r d (28%, retention time 19 min.) bands are 
the two possible stereoisomers of methyl p-campholanate. 
The product obtained above was dissolved i n 95% ethanol 
and the hydrogenation was repeated i n presence of 0.2 g. of 10% 
palladium on charcoal c a t a l y s t . The product was then chromato-
graphed on the same column under the same conditions indicated 
above. The V.P.C. tracing of t h i s product indicated that the 
hydrogenation had been completed, and the r a t i o of the two 
stereoisomers of methyl P-campholanate had been reversed. The 
16-min- band became more abundant (52%) than the 19-min. band. 
Anal. Calcd. for 0-^iii2o^2' 71.Q; H, 10.88. Found, for trans 
isomer: C, 71.70; H, 10.77. For c i s isomer: C, 71.77; H, 10.82. 
Preparation of Methyl 2,6-Dimethyl-
1-hydroxycyclohexylacetate 
In a three-necked f l a s k which was equipped with a 
mercury-sealed mechanical s t i r r e r (prepared from tantalum 
wire), a condenser arranged for d i s t i l l a t i o n and a 50-ml. 
pressure-equalizing dropping funnel, there were placed 8.8 g. 
(0.15 g. atom) of f r e s h l y sandpapered zinc f o i l , which had 
been cut into narrow s t r i p s and r o l l e d loosely, and 20 ml. of 
dry benzene (previously dried over sodium). The f l a s k was 
This behavior was also noticed on another occasion 
and was found to be a solvent problem (see preparation of 
methyl 2,6-dimethylcyclohexylacetate l a t e r i n t h i s chapter). 
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heated on a steam bath and a slow stream of nitrogen was 
introduced through a l i n e connected to the dropping funnel-
To dry the apparatus and contents, ahout 6 ml. of the benzene 
was slowly d i s t i l l e d with s t i r r i n g . The heat was then i n t e r -
rupted and the condenser was quickly arranged for r e f l u x . A 
U-tube Just closed with mercury was attached to the top of 
the condenser and the nitrogen flow was adjusted so that i t 
bubbled slowly through the mercury. About 14 ml. of dry 
ether ( d r i e d over sodiiim) was then added to the benzene and 
the mixture was s t i r r e d w e l l . A solution of 2.8 g. of 2,6-
dimethylcyclohexanone (0.024 mole) and 20 g. (0.11 mole) of 
methyl a-bromoacetate i n a mixtxire of 10 ml. of dry benzene 
and 10 ml. of dry ether was placed i n the dropping funnel, 
then the f l a s k was heated again. The f i r s t 7 ml. of t h i s 
s o l u t i o n was added from the addition funnel at once, then the 
r e f l u x and s t i r r i n g were, continued*for 20 minuteso I t was 
noticed that the r e a c t i o n mixture became cloudy, ivhich i n d i -
cated the s t a r t i n g of the reaction. The contents of the 
funnel were then added, dropwise with s t i r r i n g , during a one-
hour period. After the addition had been completed the reac-
t i o n mixture was heated for an additional two hours and then 
cooled to room temperature. The nitrogen l i n e was removed 
and 50 ml. of 12 N s u l f u r i c acid was added to the cold yellow 
s o l u t i o n . The r e s u l t i n g mixture was s t i r r e d vigorously for 
one hoxir and then decanted into a 125-nil. separatory funnel. 
After the two phases had been separated, the lower aqueous 
lay e r was drawn off into a 250-ml. separatory funnel contain-
ing 30 ml. of water which had been used for washing the 
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reaction f l a s k . This mixture was extracted three times with 
55-ml. portions of benzene which had also been employed to 
rin s e the reaction f l a s k . The o r i g i n a l organic l a y e r and the 
benzene extracts were kept separate and washed successively 
with 30-ml. portions of water, satiirated sodium carbonate and 
again with water. The organic portions w;3re then combined and 
allowed to stand over anhydrous sodium sulfate u n t i l a cle a r 
solution was obtained. The solvent, was removed as usual to 
y i e l d 6.98 g. of the crude methyl 2,6-dimethyl-l-hydroxy-
cyclohexylacetate. 
The V.P.C. tracing of the crude product indicated the 
presence of a small amount of the s t a r t i n g ketone. Moreover, 
i t also indicated that the two possible stereoisomers were 
obtained. 
Attempted Dehydration of Methyl 2^6-
Dimethyl-l-hydroxycyclohexylacetate 
by Iodine 
The crude product obtained above was placed i n a 50-
ml. roiind-bottomed f l a s k , and about 2 g. of iodine was added. 
The mixture was heated, under nitrogen atmosphere, i n an o i l 
bath for 45 minutes (bath temperature was 200-205^). The 
cooled crude product was transferred to a d i s t i l l i n g f l a s k 
and d i s t i l l e d under reduced pressvire (b.p. 117-120*^/13 mm.). 
The iodine dissolved i n t h i s material (the color of the 
product was dark brown) was removed by washing an ethereal 
solution of the product with sodium thi o s u l f a t e solution. 
The ether solution was dried and worked up as usual to 
y i e l d 2 g. of product. 
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The V.P.C. tracing of the product obtained above 
( s i l i c o n e column) indicated that t h i s product i s a mixture 
of two compounds. These two compounds were separated by 
V.P.G* The U.V, spectra indicate that both of them are satu-
rated compounds (no s i g n i f i c a n t absorption was observed above 
190 mu i n e i t h e r c a s e ) . Moreover^ the I.R. spectra show a 
carbonyl absorption at 5-64 u c h a r a c t e r i s t i c of Y-lactones. 
Since the compounds were of no i n t e r e s t they were not 
characterized f u r t h e r . 
Dehydration of Methyl 2,6-Dimethyl-
1-hydroxycyclohexylacetate 
In a 50-ml. f l a s k equipped with a magnetic s t i r r e r and 
a thermometer, there were placed 10.5 g. of pyridine and 2 g. 
of the crude methyl 2,6-dimethyl-l-hydroxycyclohexylacetate. 
The f l a s k was cooled to about 5^ i n an i c e bath. To the 
cooled solution, 2«5 g> of phosphorus oxychloride was added 
dropwise with vigorous s t i r r i n g . The mixture was allowed to 
stand 8 hours at room temperature, then a r e f l u x condenser was 
f i t t e d to the f l a s k and the mixture wa"3 heated on a steam bath 
f o r 1-5 hours. The product was cooled to room temperature and 
decanted into a 250-ml. separatory funnel containing 60 g. of 
cracked i c e . The c r y s t a l s that remained i n the f l a s k were de-
composed with a l i t t l e cracked i c e , and the f l a s k was rinsed 
with 70 ml, of water, then with 55 ml- of n-hexanes ( d i s t i l l e d , 
b.p. 67-70^). These washes were added to the contents of the 
separatory funnel and shaken w e l l . After separation of the 
two l a y e r s , the aqueous phase was drawn into another funnel 
and extracted three times with 25-ml. portions of n-hexanes. 
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The hexane extracts were not combined but were washed i n turn 
with two 25-inl. portions of 2 N hydrochloric acid and three 
times with 25-ml. portions of water. The orgfiinic solutions 
were combined and dried over anhydrous sodixim s u l f a t e . After 
removal of the solvent as usual, the residue was d i s t i l l e d 
\inder reduced pressure through a 2-ft, Podbielniak-type column 
to y i e l d 0.7 g- of the desired vinsaturated esters (b.p. 105-
106*^/12 mm,). The V.P.C. indicated that 95% of t h i s product 
i s the p,Y-unsaturated ester (X^^^ 193, e = 9i300). 
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Preparation of 2,6-Dimethyl-
cyclohexylacetate 
A 1/2-g. sample of the unsaturated ester obtained above 
was dissolved i n 25 ml- of 95% ethanol and 0.2 g. of 10% p a l -
ladium on charcoal was added. The mixture was hydrogenated as 
usual to produce 0.4 g. of saturated products. The V.P.C. i n -
dicated that t h i s product was a mixtiire of the three possible 
stereoisomers of 2,6-dimethylcyclohexylacetate. The y i e l d s 
and retention times of these isomers are given i n Table 6-4. 
When the hydrogenation of the unsaturated ester was 
repeated i n presence of platinum oxide instead of palladium 
the reaction could not be brought to completion. However, 
t h i s problem was found to be due to the solvent used. When 
the hydrogenation was undertaken using acetic acid as solvent 
the reaction proceeded smoothly to the desired products. 
A 1/2-g. sample of the unsaturated ester obtained above 
was dissolved i n 25 ml- of g l a c i a l a c e t i c acid ( d i s t i l l e d from 
potassium permanganate) and 0.5 g. of platinixm oxide was added. 
This mixture was hydrogenated as usual for 24 hours. The 
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c a t a l y s t was separated by f i l t r a t i o n , and excess water was 
added. The o i l y layer was extracted three times with n-
hexanes, washed with water and dried over anhydrous magnesium 
s u l f a t e . Work-up as usual yielded 0.55 g. of methyl 2,6-di-
methylcyclohexylacetate (no absorption was detected i n the 
U.V- spectrum of the product). The V.P.C. indicated that t h i s 
product i s a mixture of the three possible stereoisomers. The 
y i e l d s of these stereoisomers are given i n Table 6-4. 
g-Bromination of Cyclopentylacetic Acid 
A modification of the procedure reported by C. F. Allen 
( 1 9 ) was used. In a 25-nil. f l a s k f i t t e d with a magnetic 
s t i r r e r and a r e f l u x condenser which was capped with a calcium 
chloride tube, there were placed 260 mg. (2 mmoles) of cyclo-
p e n t y l a c e t i c acid ( A l d r i c h Go.) and 240 p-l. (2.5 mmoles) of 
phosphorus tribromide- To t h i s mixture there was added, drop-
wise with s t i r r i n g , from a syringe about 260 v-L (5 mmoles) of 
bromine u n t i l the reaction mixture retained a deep brown c o l -
oration, then the r e s t of the bromine was added at once and 
the f l a s k was quickly f i t t e d to the condenser. The reaction 
mixture was heated i n an o i l bath (bath temperature was kept 
at 8 5 - 9 0 ° ) for one hour, then 85 u l - of bromine was added and 
the heating was continued for 20 hours. The f l a s k was cooled 
to room temperature and about 1 ml. of absolute methanol ( r e -
agent grade) was added dropwise with s t i r r i n g i n about 20 
minutes. The reaction mixture was then refluxed f o r 25 min., 
cooled to room temperature and about 7.5 nil. of water con-
ta i n i n g 100 mg. of sodium s u l f i t e was added. The o i l y layer 
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was extracted four times with about 25-nil- portions of petro-
leum ether (reagent grade; b.p. 30-60^). The petroleum ether 
solution was washed with water once and dried over anhydrous 
sodium s u l f a t e . The solvent was removed by d i s t i l l a t i o n 
through a 2-ft. column (under atmospheric pressure) to y i e l d 
356 mg. (80%) of crude methyl a-bromocyclopentylacetate. Only 
one sjnnmetrical band was detected i n the V.P-C. tr a c i n g of 
t h i s product (10 f t . x 3/8 i n . , 20% s i l i c o n e column; temp., 
148^; helium flow rate 150 ml. per min.; retention time 36.5 
min.). L i t . (24) b.p. (a-bromocyclopentylacetic acid) 115*^  at 
0.8 mm. 
Dehydrobromination of Methyl 
tt-Bromocyclopentylacetate 
To a 3l2-mg. sample of the crude methyl a-bromocyclo-
pentylacetate i n a 50-ml. round-bottomed fl a s k there was added 
1.2 ml. of synthetic quinoline (Matheson Co.). This mixture 
was heated at 160-170° (bath temperature) for about 5 hours. 
The black solution was then cooled to room temperature and 
treated with about 10 ml. of 20% hydrochloric acid. The con-
tents were transferred to a continuous extraction apparatus, 
and the organic ester was continuously extracted with petro-
lexzm ether for about 6 hours. The petroleum ether solution 
was then shaken vigorously i n a separatory funnel with about 
15 ml. of 10% hydrochloric—acid. The a c i d i c layer was sepa-
rated and washed with petroleiim ether, then the combined 
petroleum ether solution was washed with water and dried over 
In the small runs continuous extraction was employed 
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anhydrous sodium s u l f a t e . The solvent was removed through a 
column as usual to y i e l d 90 mg. of the crude product. 
The V.P.C. tracing of t h i s product indicated the pres-
ence of two other small bands together with the band corre-
sponding to the desired methyl cyclopentylideneacetate. This 
product was p u r i f i e d by V.P.C. (same s i l i c o n e column at the 
same conditions as indicated above; retention time, 17 min.) 
to y i e l d 56 mg. (24% based on the a-bromo es t e r ) of the de-
s i r e d a, 3-unsaturated ester (^jjjg^ 220 mvi, e = 12,600). L i t . 
(25) h.p. ( e t h y l e s t e r ) , 80°/5 mm. 
g-Bromination of g-Campholanic Acid 
A sample of 570 mg. of a-campholanic acid (obtained by 
hyd r o l y s i s of methyl a-campholanate by potassium hydroxide ac-
cording to the general procedure described i n Chapter 2) was 
brominated i n the same manner described above to give methyl 
a-bromo-a-campholanate. The crude product proved to be one 
s i n g l e component as evidenced by the V.P.C. using two d i f f e r -
ent p a r t i t i o n i n g agents; retention time, 52.5 min., using the 
sajae column indicated above; temp,, 178°; helium flow rat e , 
about 180 ml. per min. The y i e l d of the crude product i s 95%-
Debydrobromination of Methyl 
g-Bromo-a-campholanate. 
t» -
The g-bromo ester obtained above was dehydrobominated 
as described previously to y i e l d methyl 2,2,5-cyclopentylidene-
acetate. The crude product was p u r i f i e d by gas chromatography 
on a s i l i c o n e column to give 160 mg. of est e r . The U.V. spec-
trum indicated that t h i s product i s not pure (^^g^ 222.5 mvi, 
e = 28,000). Rechromatography of t h i s material on an N.P.G.S. 
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column (20 f t . x 3/8 i n . , 20% N.P.G.S., temp., 152*^; helium 
flow rate, 180 ml. per min.) showed that the desired product 
(retention time, 26 min.) was contaminated with another com-
pound (small band at 38 min.). P u r i f i c a t i o n on the N.P.G.S. 
column yielded 122 mg. ( o v e r a l l y i e l d 32%) of pure methyl 
2,2,3-trimethylcyclopentylideneacetate (^^g^ 220 mu, e = 
13,500). These data indicate that the impurity i s an aromatic 
compoxind, probably obtained from quinoline since i t wais detect 
ed i n a l l cases. L i t . (26) for the acid, b.p. 155^/12 mm., 
and m.p. 70° . 
Anal. Calcd. for C^-j.%8^2' ^' 72.58; H, 9.88. Found (pure 
sample): C, 72.38; H, 9-57. 
g-Bromination of trans - P -
Campholanic Acid 
A sample of 124 mg. of trans-p-campholanic acid (ob-
tained by hydrolysis of the methyl e s t e r ) was brominated i n 
the seone manner described above to y i e l d 155 nig. (70%) of 
methyl a-bromo-P-campholsinate. Only one symmetrical band was 
detected i n the V.P.G. tr a c i n g of the crude product (10 f t . x 
3/8 i n . , 20% s i l i c o n e column; temp., 158*^; helium flow r a t e , 
about 150 ml. per min.; retention time, 53.5 min. 
Dehydrobromination of Methyl 
g-Bromo-P-campholanate 
A 93.7-mg. sample of the a-bromo ester obtained above 
was dehydrobrominated as usual to give methyl 2,3,3-trimethyl-
cyclopentylideneacetate. The crude product was p u r i f i e d by 
V.P.C. using a s i l i c o n e column to y i e l d 25.8 mg. of the de-
s i r e d ester. However, r e i n f e c t i o n of t h i s material on an 
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N.P.G.S. colizmn indicated that i t was contaminated by the 
aromatic material described above (the same N.P.G.S- column 
described above; temp., 1 5 5 ° ; helium flow rate, about 170 ml. 
per min., retention times, 49 min. for the desired a ,P-unsatu-
rated e s t e r and 75 min. f o r "the aromatic impurity")-
Anal. Calcd. f o r <^II^IQ02' 0, 72.58; H, 9.98. Found: C, 
72.55, H, 9.78. 
P a r t i a l N.M.R. spectrum i s given i n Figure 6-5-
Preparation of Cyclohexylideneacetate 
A sample of 716 mg. of cyclohexylacetic acid was brom-
inated as usual to produce 1 . 0 7 l g. (96%) of methyl a-bromo-
cyclohexylacetate- A 500-mg. sample of t h i s ester was dehydro-
brominated with quinoline as usual and the product was p u r i f i e d 
by V.P.C. to y i e l d 55 mg. (19%) of cyclohexylideneacetate (same 
s i l i c o n e column indicated above; temp., 162°; helium flow rate, 
140 ml. per min.; retention time, 17 min. L i t . (27), ethyl 
ester, b.p. 48-49°/O.02 mm.). 
g-Bromination of trans-2,6-Dimethyl-
cyclo h e x y l a c e t i c Acid 
A 128-mg. sample of 2,6-dimethylcyclohexaneacetic acid 
was brominated as usual to y i e l d 175 mg. (88%) of crude methyl 
a-bromocyclohexylacetate. This product proved to be homogene-
ous, as evidenced by a si n g l e symmetrical band observed i n the 
V.P.C. t r a c i n g . 
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Dehydrobromination of Methyl g-Bromo-
2,6-dimethylcyclohexylacetate 
A 120-mg. sample of the a-bromo ester obtained above 
was dehydrobrominated as usual. The V.P.C. tr a c i n g of the 
crude product (using an N.P.G.S. column) indicated the pres-
ence of four compounds other than the usual aromatic impurity. 
The f i r s t band has the same retention time as methyl 2,6-di-
methylcyclohexylacetate (the area under t h i s band corresponds 
to 7-5% of the product). The second and t h i r d bands may be 
the methyl esters, of 2,6-dimethylcyclohexenylacetic acid 
(5*2%) and 2,6-dimethylcyclohexylideneacetic a c i d (8.8%). No 
s i g n i f i c a n t amount was obtained by co l l e c t i o n of these banas. 
The fourth band, major product (66.3%) has a maxim\im i n the 
U.V. spectrum at 223 mu (e = 80,000). This indicates that i t 
i s an aromatic compound. No further investigation of t h i s com-
poxind was undertaken since only 4 ,9 mg. could be col l e c t e d from 
the V.P.C. of the crude product. 
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CHAPTER 7 
THE STRUCTURE OF THE C^ Q^ CYCLIC ACID 
The i s o l a t i o n of the monocyclic C^^ acid ( f r a c t i o n 
I I I - 2 - A ) was described i n d e t a i l in Chapter 5. Although the 
V.P.C. as w e l l as the mass spectroscopy indicated that t h i s 
f r a c t i o n i s homogeneous, further investigations have shown 
that i t i s a mixture of the geometrical isomers of methyl 
5-ethyl-4-methylcyclopentylacetate. The evidence for the 
structure of t h i s f r a c t i o n i s presented below. 
I n the V.P.C. tr a c i n g s of f r a c t i o n I I I - 2 - A , using 
three d i f f e r e n t p a r t i t i o n i n g agents (N.P.G.S., s i l i c o n e and 
c y a n o s i l i c o n e ) , only one symmetrical band v/as detected. The 
mass spectrum indicated that t h i s f r a c t i o n i s a methyl ester 
of a C^ Q a c i d (molecule-ion at m/e 184), but contaminated with 
some i m p u r i t i e s from methyl esters of a b i c y c l i c C^Q and a 
monocyclic C^^ acid (two small parent peaks were also detected 
at m/e 182 and 198). However, these impurities are of n e g l i -
* 
gible magnitude. Elementary analysis and the molecular weight 
The r e l a t i v e i n t e n s i t i e s of these three molecule-ions, 
m/e 182, 184 and 198, are 0 . 1 5 : 1 : 0.04 respectively. This 
shows that the Cxi 'acid i s about 5% of t h i s f r a c t i o n , assuming 
that the C I Q and C ^ i ions are formed i n equal abundance. 
Since the o i c y c l i c compound i s expected to produce a more abun-
dant molecule-ion than the monocyclic compound, i t i s obvious 
therefore that the b i c y c l i c ester i s c e r t a i n l y l e s s than 12.5%. 
I n other words, more than 85% of t h i s f r a c t i o n i s the methyl 
es t e r of the monocyclic C^Q acid. Moreover, the N.M.R. of a 
pure saiaple of the £-phthaIimidophenacyl derivative of t h i s 
f r a c t i o n (only one molecule-ion was detected i n the mass spec-
trum of t h i s d e r i v a t i v e ) i s almost the same i n the a l i p h a t i c 
region as the spectrum of the methyl e s t e r . This also i n d i -
cates that the impurities are i n minor concentration. 
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suggests the empirical formula ^IQ^IQ^2 t h i s acid. Since 
no s i g n i f i c a n t absorption was detected i n the U.V. spectrum 
above 190 mu, t h i s indicates that t h i s f r a c t i o n i s a saturated 
monocyclic methyl ester. 
The N.n.R. spectrum of t h i s f r a c t i o n i s shown i n Figure 
7 - 1 . The off-scale band at about T 6.4 i s the signal from the 
three protons of the carbomethoxyl group. The band centered 
at about T 7-85 i s c h a r a c t e r i s t i c of the protons alpha to the 
caxbomethoxyl'group. The area under t h i s band corresponds to 
two protons (with reference to the area of the three protons 
of the carbomethoxyl band), so t h i s indicates the absence of 
substituents on the a-position. The band centered at r 9-1 i s 
attributed to the_berminal methyl groups. The extrapolated 
area under t h i s band amounts to 7-5 protons. Since the methyl 
and methylene bands are badly overlapping each other, t h i s 
area may be attributed to either two or three methyl groups. 
However, i t has been reported ( 1 ) that i n the N-M.R- spectra 
of branched-chain f a t t y acids, with branches longer than 
methyl or with more than three methyl side chains, the area 
\inder the methyl band i s always larger than the value corre-
sponding to the methyl groups a c t u a l l y present. For example, 
in the N-M.R. spectrum of 2-ethyloctadecanoate, the area 
under the methyl band corresponds to 9 protons ( i . e . , i s 
larger than ascribable to the methyls a c t u a l l y present i n the 
molecule by one methyl group). Of course, c y c l i c compounds 
may d i f f e r somewhat from the a c y c l i c ones ( 2 ) , but the detec-
ti o n of an ethyl substituent i n the mass spectrum of the 
i s o l a t e d ester (see l a t e r ) makes i t safe to assume that t h i s 
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Legend to Figure 7-1 
N.M.R. Spectrum of Fraction I I I - 2 - A 
The spectrum was determined on a Varian model A-60 N.M.R. 
spectrometer; about 10% (by volume) solution i n carbon tetra-
chloride with T.M.S. as i n t e r n a l standard. 
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e s t e r has two r a t h e r than t h r e e methyl groups, 
The mass spectrum of f r a c t i o n I I I - 2 - A i s given i n 
F i g u r e 7-2. I t i s of s i g n i f i c a n c e t h a t the mass s p e c t r a of 
two samples of t h i s f r a c t i o n , i s o l a t e d from two d i f f e r e n t l o t s 
of e s t e r s , were i d e n t i c a l . S i n c e one of these two l o t s was 
prep a r e d hy a c i d - c a t a l y z e d e s t e r i f i c a t i o n of the naphthenic 
a c i d mixture and the other was prepared from the s i l v e r s a l t 
and methyl i o d i d e ^ i t was concluded t h a t the a c i d under i n v e s -
t i g a t i o n i s not s e n s i t i v e to strong a c i d s . 
The molecule-ion a t m/e 18^ i n d i c a t e s a methyl e s t e r 
of a monocyclic C^Q a c i d . The base peak a t m/e 74 (th e r e -
arrangement fragment) s u b s t a n t i a t e s the e a r l y c o n c l u s i o n of 
the absence of s u b s t i t u e n t s a t the carbon atom alpha to the 
carbomethoxyl group. The peaJc a t m/e 155 (M-MeO) i s a t t r i b u t e d 
to t h e l o s s of the methoxyl group from the molecule-ion. The 
appearance of a peak a t m/e 111 ( r i - 7 3 ) , a p p a r e n t l y due to the 
l o s s of (CH2C02Me)t suggests the presence of a s i d e c h a i n a t 
the carbon atom beta to the carbomethoxyl group. T h i s i s sup-
p o r t e d by the f a c t t h a t the peak at m/e 87, (CH2CH2C02Me)'*", 
although of s i g n i f i c a n t i n t e n s i t y , i s l e s s abundemt than the 
111 peak. I f th e r e i s no branch on the P - p o s i t i o n , t h i s peak 
(m/e 87) sho u l d be of a f a i r l y high i n t e n s i t y ( 3 ) e s p e c i a l l y 
I t has been r e p o r t e d ( 3 ) t h a t the mass spectrum of 
3f 3TcLiinethv-lheneicosanoate shows a remarkably I n t e n s e peak 
(about 65%) a t m/e = ri-73. T h i s peak has been a t t r i b u t e d to 
the c o m p a r a t i v e l y s t a b l e t r i a l k y l c a r b o n i u m i o n t h a t r e s u l t s 
from 2,3-cleavage. Moreover, a peak a t m/e M-75 was a l s o 
observed i n some of the s p e c t r a r e p o r ted i n Chapter 6. 
T h e r e f o r e , i t seems s a f e to say that the 111 peak i s due to 
the fragment obtained by the l o s s of CHpCOpMe from the mole-
c u l e - i o n . 
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Legend to F i g u r e 7-2 
Mass Spectrum of F r a c t i o n I I I - 2 - A 
100 
iQ/e 
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i f a branch i s present a t the Y - p o s i t i o n . 
I f the s i d e c h a i n on the p-caxbon atom i s methyl a 
peak a t m/e 101 should be observed. Moreover, i f an e t h y l or 
two methyl groups are present at t h i s p o s i t i o n a peak a t m/e 
115 should be detected. The absence of these two peaks from 
the spectrum of the e s t e r under i n v e s t i g a t i o n ( c f . F i g u r e 7-2) 
excludes these p o s s i b i l i t i e s . I n o ther words, the s i d e c h a i n 
at the b e t a p o s i t i o n i s n e i t h e r a methyl nor an e t h y l group, 
thus i s probably p a r t of the r i n g . 
The peak a t m/e 169 i n d i c a t e s the presence of a t l e a s t 
one methyl group, probably attached to the r i n g ( 4 ) or a t a 
quaternary carbon atom ( 5 ) - T h i s i s s u b s t a n t i a t e d by the 
appearance of a f a i r l y i n t e n s e peak ( 2 1 % ) at m/e 95» M-(74+15)-
As shown i n Chapter 6, t h i s peak i s due to the fragment pro-
duced by l o s s of methyl followed by l o s s of the rearrangement 
fragment from the molecule-ion. A r a t h e r i n t e r e s t i n g f e a t u r e 
of the fragmentation p a t t e r n i s the appearance of a prominent 
peak at m/e 81, M-(74+29)- T h i s peak i s a t t r i b u t e d to the i o n 
formed by the l o s s of an e t h y l f o l l o w e d by the l o s s of the r e -
arrangement fragment. T h i s peak s t r o n g l y suggests the presence 
of an e t h y l group, f o r no a l t e r n a t e e x p l a n a t i o n i s apparent. 
According to the evidence p r e s e n t e d above the p a r t i a l 
s t r u c t u r e I may be a s s i g n e d to f r a c t i o n - I I I - 2 - A . 
C H 
^ 5 (c^H^) CH2-C02Me 
CHj 
I 
I t i s obvious t h a t the r i n g i s e i t h e r a five-membered 
r i n g or s m a l l e r s i n c e o nly f i v e carbon atoms are a v a i l a b l e . 
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I n the N.M.R. s p e c t r a of thxee-membered r i n g compounds, the 
s i g n a l s from the protons of the r i n g u s u a l l y occur r a t h e r f a r 
u p - f i e l d , a t l e a s t as high on the tau s c a l e as ter m i n a l methyl 
groups. The N.M.R. spectrum of the i s o l a t e d e s t e r ( F i g u r e 7-1) 
does not suggest the presence of a three-membered r i n g s i n c e 
no s i g n a l s a r e d e t e c t e d at h i gher than T 9-2. I f the protons 
of the three-membered r i n g a r e at the same p l a c e as the methyl 
protons the a r e a under t h i s band must be l a r g e r than the ob-
se r v e d a r e a , s i n c e methyl and e t h y l are supported by the mass 
spectriim. On the other hand, e x c l u s i o n of a four-membered 
r i n g i s more d i f f i c u l t , but s i n c e t h i s type i s very r a r e i n 
n a t i i r e , the i n i t i a l working assumption was t h a t the i s o l a t e d 
e s t e r has a five-membered r i n g . Thus, f r a c t i o n I I I - 2 - A i s 
t e n t a t i v e l y a s s i g n e d as a methyl e s t e r of c y c l o p e n t y l a c e t i c 
a c i d w i t h e t h y l and methyl s u b s t i t u e n t s a t t a c h e d somewhere 
i n the r i n g . 
Of c o u r s e i t i s v e r y d i f f i c u l t , probably i m p o s s i b l e , 
to l o c a t e the p o s i t i o n of th e s e s u b s t i t u e n t s from the data 
p r e s e n t e d above, but s i n c e a l l the a c i d s i s o l a t e d from the 
naphthenic a c i d mixture i n t h e s e l a b o r a t o r i e s (refs» 6 and 7; 
a l s o c f • Chapter 5) are of i s o p r e n o i d s t r u c t u r e , * the methyl 
e s t e r of the i s o p r e n o i d a c i d , 3-ethyl - 3-methylcyclopentyl-
a c e t i c a c i d , was s e l e c t e d as a prime candidate f o r f r a c t i o n 
I I I - 2 - A . Thus, the s y n t h e s i s of t h i s e s t e r was undertaken. 
a, a ' - D i c y a n o - P - e t h y l - P - m e t h y l g l u t a r i m i d e ( I I , c f . 
T able 7-1) was prepared by condensation of one mole of e t h y l 
Some of the components i s o l a t e d p r i o r to the p r e s e n t 
work proved a l s o to be of i s o p r e n o i d s t r u c t u r e ( 8 ) . 
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Table 7-1 
Plow Sheet f o r S y n t h e s i s of 
Methyl 3 - E t h y l - 5 - n i e t h y l c y c l o p e n t y l a c e t a t e 
CH3-C-C2H5 
NCCH2CO2C2H5 
+ 
NH 
CHiCOpNH^ h y d r o l y s i s — 2 — £ — f t ^ > 
HCl 
65% NH ^ 
y H2S0^ 
y COpH 
.H 
I I I IV 
1) MeOH 
> 
2) SO2CI 
. — C ^ M e Arnat-
E i s t e r t 
CH2CH2CO2H ^ 
CH2CO2H 
VI 
BaO 
V I I 
1) Reformatsky 
2) - HoO 
PleO H2C02Me 
V I I I one IX X 
161 
methyl ketone w i t h 2 moles of e t h y l cyanoacetate i n presence 
of 1*2 mole of anhydrous ammonia and a l i t t l e ammonium a c e t a t e , 
f o l l o w e d by h y d r o l y s i s of the ammonium s a l t so obtained by 
h y d r o c h l o r i c a c i d ( 9 ) - H y d r o l y s i s of t h i s imide by h e a t i n g 
w i t h 6 5 % of s u l f u r i c a c i d y i e l d s p-ethyl - p-methylglutaric a c i d 
( I I I ) . T h i s a c i d was dehydrated to y i e l d p-ethyl - p-methylglu-
t a r i c anhydride ( I V ) , e i t h e r by h e a t i n g under r e f l u x with 
a c e t y l c h l o r i d e o r by h e a t i n g the a c i d alone at reduced p r e s -
s u r e f o r one hour ( 1 0 ) - The a c i d ajahydride was convererted by 
r e a c t i o n w i t h methanol to the h a l f e s t e r , methyl hydrogen 
P - e t h y l - P - m e t h y l g l u t a r a t e ( 1 0 ) . Treatment of the h a l f e s t e r 
w i t h t h i o n y l c h l o r i d e a t room temperature f o r 36 hours pro-
duced the e s t e r a c i d c h l o r i d e (10) which was converted by the 
A r n d t - E i s t e r t r e a c t i o n to dimethyl p-ethyl - p-methyladipate-
The l a t t e r was hydrolyzed to the f r e e a c i d which was converted 
by h e a t i n g w i t h barium oxide a t 300^ to 3-ethyl-3-methylcyclo-
pentanone ( V I I ) -
Methyl 3 " e t h y l - 3 - n i e t h y l c y c l o p e n t y l i d e n e a c e t a t e was pre-
pared from t h i s ketone by two d i f f e r e n t methods. I n the f i r s t 
r o u t e , the ketone was allowed to r e a c t with methyl a-bromoace-
t a t e and z i n c under the c o n d i t i o n s of the Reformatsky r e a c t i o n 
( 1 1 ) . The p-hydroxy e s t e r so obtained was dehydrated by phos-
phorus o x y c h l o r i d e and p y r i d i n e . About 69% of the product was 
methyl 3 - e t h y l - 3 - n i e t h y l c y c l o p e n t y l i d e n e a c e t a t e , and the r e s t 
c o n s i s t e d of the two p o s s i b l e P ,Y-unsaturated e s t e r s ( X ) . I n 
the o t h e r method ( 1 2 ) , the ketone was allowed to r e a c t with 
trimethylphosphonoacetate and sodium hydride to y i e l d methyl 
3 - e t h y l - 3 - n i e t h y l c y c l o p e n t y l i d e n e a c e t a t e . I t i s of i n t e r e s t 
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to n o t i c e t h a t i n both c a s e s a mixture of the two geometrical 
isomers, V I I I and IX, was obtained. 
The d e s i r e d methyl 3-ethyl-3-methylcyclopentylacetate 
( X I ) was secured by c a t a l y t i c hydrogenation of the u n s a t u r a t e d 
e s t e r s . Although t h e r e are two p o s s i b l e stereoisomers, and 
i t seems i n e v i t a b l e t h a t both were obtained i n the s y n t h e s i s , 
only one symmetrical band could be d e t e c t e d i n the V.P.C. 
t r a c i n g s of these products. Moreover, the product obtained 
u s i n g platinum oxide as a c a t a l y s t i s the same as t h a t obtained 
by u s i n g palladiiun-on-charcoal c a t a l y s t . Unfortunately, the 
V.P.C, N.M.R. and mass s p e c t r a i n d i c a t e d quite c l e a r l y t h a t 
e s t e r XI i s not i d e n t i c a l w ith the e s t e r i n f r a c t i o n I I I - 2 - A . 
However, although the mass s p e c t r a are c l e a r l y d i f f e r e n t , they 
are s u f f i c i e n t l y s i m i l a r (compare F i g u r e s 7-2 and 7-3) to i n d i -
c a t e s t r o n g l y t h a t the deduced p a r t i a l s t r u c t u r e I i s not i n 
e r r o r . Moreover, the remarkably high i n t e n s i t y of the 81 
peak,** M-(74+29)? i s app a r e n t l y due to the s t a b i l i t y of the 
t e r t i a r y a l l y l i c carbonium ion, X I I . 
OH 
OMe ^ ^ "OMe ^ 0^'^® 
X I I 
m/e 81 
T h i s product may be one of the two p o s s i b l e isomers 
but i s probably both* N e v e r t h e l e s s , the s t e r e o c h e m i s t r y of 
t h i s e s t e r was not examined s i n c e i t i s of no s i g n i f i c a n c e 
i n the mass spectrum. 
• * 
T h i s peak i s more abundant than the m/e 95 peak, M-(7^+15)i which may be a t t r i b u t e d to the analogous t e r t i a r y 
carbonium ion obtained by l o s s of the methyl and the rearrange 
ment fragments. T h i s i s expected s i n c e l o s s of the e t h y l 
r a d i c a l i s e a s i e r than the methyl, f o r the former i s more 
s t a b l e . 
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Legend to Fig u r e 7-3 
Mass Spectrum of Methyl 3 - E t h y l - 3 - m e t h y l c y c l o p e n t y l a c e t a t e 
F e a t u r e s of i n t e r e s t : 
m/e Remarks 
18^ M, the molecule-ion, absent from the spectrum, no 
doubt due to v e r y easy fragmentation a t the quater-
nary carbon. 
169 M-15. 
155 M-29, the s t a b l e t e r t i a r y carboniiim i o n formed by 
l o s s of the e t h y l group from the molecule-ion. 
123 M-(29+32), probably formed by e l i m i n a t i o n of 
methanol from the 155 fragment. 
I l l M-73. 
110 M-74. 
95 M-(74+l5). 
81 M-(74+29), i o n X I I . 
7^ The rearrangement fragment. 
100 
50 
l _ J . 
50 
I L IUX I I I JLL^ . . . . ! 
100 
I I I ! J l 
150 m /e 
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To e l i m i n a t e some of the other p o s s i b l e s t r u c -
t u r e s , f r a c t i o n I I I - 2 - A was s u b j e c t e d to the degradative 
procedure d e s c r i b e d i n Chapter 6. Thus, t h i s f r a c t i o n 
was h y d r o l y z e d to the a c i d which was brominated (without 
f u r t h e r p u r i f i c a t i o n ) by the H e l l - V o l h a r d - Z e l i n s k y method 
to y i e l d t he a-bromo e s t e r . Gas chromatography of t h i s 
d e r i v a t i v e on a s i l i c o n e column ( c f • F i g u r e 7-4, Curve A) 
e l i m i n a t e d two minor components. The N.M.R. spectrum of 
the m a t e r i a l obtained by c o l l e c t i o n of the 51-inin, band 
shows an N.M.R. s i g n a l c e n t e r e d at about 7" 6 (two doub-
l e t s ) . T h i s i n d i c a t e s the presence of one proton at the 
3 - p o s i t i o n , hence no second s u b s t i t u e n t a t C-1 i n the 
cyclopentane r i n g . Rechromatography of t h i s m a t e r i a l 
u s i n g £m N.P.G.S. column i n d i c a t e d the presence of two 
major components and a minor one. S i n c e the minor compo-
nent i s o f n e g l i g i b l e c o n c e n t r a t i o n and t h e r e are two 
p o s s i b l e s t e r e o i s o m e r s f o r t h i s e s t e r ( t h r e o and e r y t h r o ) 
t h i s m a t e r i a l was dehydrobrominated without f u r t h e r p u r i -
f i c a t i o n . 
F i g u r e 7-4, Curve B, i s a V.P,C» t r a c i n g of the 
dehydrobromination pro d u c t s . The 83-min. band i s the 
aromatic compound u s u a l l y contaminating such products 
( c f . Chapter 6 ) . The f i v e prominent bands were c o l l e c t e d 
as i n d i c a t e d i n F i g u r e 7-4, Curve B. The 51- and 57-min. 
bands were not i n v e s t i g a t e d s i n c e only about 1 mg. of 
each was obtained. Although only a few mg. (t h e l a r g e s t 
One doublet may be a t t r i b u t e d to each of the 
two p o s s i b l e d i a s t e r e o i s o m e r s . 
165 
Legend to F i g u j e 7-4 
Curve A: 
Gas phase chromatography of the a-bromo e s t e r d e r i v e d 
from f r a c t i o n I I I - 2 - A . Column, 10 f t . x 3/8 i n . , 20% 
s i l i c o n e grease SE-30; temp., 166*^; helium flow r a t e 
about 150 ml. per min. 
Curve B: 
V.P.C. of the product obtained by dehydrobromination 
of the major band shown i n 'Curve A. Column, 20 f t . x 
3/8 i n . , 10% N.P.G.S., temp., 135°; helium flow r a t e 
180 ml, per min. A s i m i l a r t r a c i n g was obtained when 
an e u i a l y t i c a l column was used. 
165a 
mln. 
mln. 80 
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component was about 5 mg-) were secured from each of the 61.5-i 
66- and 70-min. bands, t h e i r s t r u c t u r e s could be deduced by 
i n t e r p r e t a t i o n of t h e i r s p e c t r a as t h r e e of the four p o s s i b l e 
s t e r e o i s o m e r s of methyl 3-ethyl-4-methylcyclopentylideneacetate 
The U.V. and the N.M.R. s p e c t r a of the 61.5- and 70-
min. bands i n d i c a t e d t h a t they a r e , indeed, a,P-unsaturated 
e s t e r s . The N.M.R. s p e c t r a of these two components a r e shown 
i n F i g u r e 7-5, Curves A and B. The band at 4 .3 i s c h a r a c t e r -
i s t i c of the v i n y l hydrogen which i s a to the carbomethoxyl 
group ( c f . Chapter 6 ) . The bands a t V 7-8. are c h a r a c t e r i s t i c 
of the a l l y l i c protons. The a r e a under these bands corresponds 
to f o u r protons ( w i t h r e f e r e n c e to the three protons of the 
carbomethoxyl group). T h i s i n d i c a t e s t h a t there are no sub-
s t i t u e n t s at C-2 and C-5 of the presumed cyclopentane r i n g . 
I n o t h e r words, the methyl and e t h y l s u b s t i t u e n t s must be 
attach e d * to C-3 and C-4. Thus, the N.M.R. s p e c t r a ( c f . 
F i g u r e 7-5i Curves A and B) suggest t h a t these two components 
are g e ometrical isomers of methyl 3 - e t h y l - 4 - m e t h y l c y c l o p e n t y l i -
deneacetate. T h i s has been s u b s t a n t i a t e d by the mass s p e c t r a . 
P a r t i a l mass s p e c t r a of the t h r e e prominent bands 
(61.5"» 66- and 70-min. bands, F i g u r e 7-^, Curve B) are given 
i n T able 7-2, whereas the f u l l s p e c t r a are shown i n F i g u r e s 
7-7 and 7-8. The s i m i l a r i t y between the s p e c t r a of these 
i s o l a t e d e s t e r s s t r o n g l y suggests t h a t these e s t e r s a r e 
s t e r e o i s o m e r s (13)- The v i r t u a l absence of the rearrangement 
* 
The other p o s s i b l e isomer has been excluded as 
d i s c u s s e d above. 
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Legend to F i g u r e 7-5 
Curve A ( t o p ) 
N.M.R. spectrum of the 70-min. band. The spectrum 
was run w i t h a Variaja micro N.M.R. tube c o n t a i n i n g 
about 4 mg. of the 70-min. band component i n about 
50 p.1* of carbon t e t r a c h l o r i d e - T.M.S. was e x t e r n a l 
r e f e r e n c e . 
Curve B ( c e n t e r ) 
N.M.R. spectrum of the 61.5-niin. band. The spectrum 
o b t a i n e d i n the same manner as i n d i c a t e d above ( 3 mg 
i n 60 u l - of carbon t e t r a c h l o r i d e was use d ) . 
Curve C (bottom) 
N.M.R. spectrum of isomer XVI ( s e e l a t e r f o r synthe-
s i s ) . The spectrum was run i n carbon t e t r a c h l o r i d e 
as a s o l v e n t with T.M.S. as i n t e r n a l r e f e r e n c e . 
1 l 
d67a 
! V*-- J,—V-, -w-ivi. 
3 68 
Legend to Figure 7-6 
N.N.R. spectrum oi' the yynLhetic geometrical isomers 
of methyl 3-ethyl-4-methylcyclopentylideneacetate 
(XVII, X V I I I and X I A ) . The spectra were run i n carbon 
t e t r a c h l o r i d e v/ith T.M.S. as i n t e r n a l reference. 
Curve A (top) 
Isomer XVII 
Curve B (center) 
Isomer XVIII 
Curve C (bottom) 
Isomer X I X 
1 
.1 
J 3 
1 J 
) 1 t : \ •• 
i ' ] I 
i I 
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Table 7-2 
P a r t i a l Mass Spectra of the Isolated and Authentic 
Samples of the Geometrical Isomers of Methyl 
.5-Ethyl-A-inethylcyclopentylideneacetate 
A B D E F G 
41 46 72 62 100 100 55 100 
55 50 58 45 60 57 51 52 
67 12 18 17.5 18 20 12.5 25 
69 12 17 11 29 25 12 21 
74 0.7 1 1 1 2 0.5 1 
77 15 20 12 14 18 15 25.5 
79 15 22 15 14 18 15 28 
81 15 19 12 15 17 15 26 
95 25 54 15 18 24 25 55 
107 7 17.5 5.7 7 15 10 11 
121 19 21 8.5 16 12 19 9 
155 5 20 4.5 5 11 5.5 10 
151 11 24 5 9-5 4 11 16 
155 100 54 18.5 85 50 100 57 
167 9 100 2.5 7 57 8.5 70 
182 11 59 4 7 20 8.5 25 
A 61.5-inin. band. 
B 55-min. band. 
C 70-min. band. 
D Isomer XVI. 
E Isomer XVII. 
P Isomer X V I I I . 
G Isomer XIX. 
authentic 
A l l the spectra showed an o f f - s c a l e peak at m/e 28 This peak has been neglected since i t may be due to the atmospheric nitrogen. 
^The base peak i s m/e 43. This may be because of the impurity.present i n t h i s sample. 
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Legend to Figure 7-7 
Mass Spectra of the a, P-Unsatiorated Esters Derived 
from Fraction I I I - 2 - A . 
Curve A: 
The 61.5-min- band 
Curve_B: 
The 66-niin. band-
170a 
100 (A) 
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Legend to Figure 7-8 
Curve A: 
Mass spectrxiin of the 70-min. band. 
Curve B: 
Mass spectrum of one of the synthetic methyl 3-ethyl-
^-methylcyclopentylidene acetates, isomer XIX. The 
f u l l spectrum of t h i s isomer i s shown because i t i s 
the one not obtained from the natural product. 
Isomers XVI, XVII and X V I I I have spectra e s s e n t i a l l y 
i d e n t i c a l with those from the 61.5-min,, 66-min., and 
70-min, bands shown i n the chromatography tracing of 
Figure 4, Curve B. 
100 (A) 
I 7 l a 
50 
i 
I r SO 
100 (B) 
50 
i i . i i i.lil 
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peak (m/e 74) i s attributed to the f a c t that these components 
are a,P-unsaturated esters ( c f . Chapter 6) . 
The peaks at m/e 155 (M-29) and 167 (M-15) are of par-
t i c u l a r i n t e r e s t since they strongly indicate the presence of 
methyl and ethyl substituents. The remarkably high i n t e n s i t y 
of these peaks i s attributed to the highly s t a b i l i z e d carbonium 
ion, X I I I . 
-OMe ? 'He 
" V ^ O ^ - ^ ^ ^ ^ O ^ H " V ^ " 
(1) 
R'^'^"^ . X I I I 
I f R = CHj, and R' = ^ 2^5' ^ -^-^-^ " 
R = O^^y and R' = CH^, X I I I = m/e 153-
I t i s of in t e r e s t to note that i n the spectra of two 
of these isomers the 155 peak i s more abundant than the 167, 
whereas the reverse i s true i n the spectra of the other isomer 
( c f . Table 7-1), I t i s obvious that i f fragmentation i s accord-
ing to equation 1 the a l k y l substituent which i s on the same 
side as the carbomethoxyl group i s the one that must be l o s t . 
Thus, the two isomers which have the ethyl group on the same 
side as the carbomethoxyl group produce a more abundant peaJc 
at m/e 155 due to the l o s s of the ethyl group, and the others 
lose the methyl group easier to y i e l d a more abundant peak 
at m/e 167. 
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A.nother intere o t i n s feature i s the appearance of the 
peak at m/e 135 v;hich may be attributed to the s t a b i l i z e d ion 
(XIV) formed by los s of the methyl substituent and methanol 
from the molecule-ion (equation 2,upper route). This fragment 
may also a r i s e by l o s s of methemol from the M-15 fragment 
(equation 2, lower route). Presumably, fragment XIV i s formed 
by both routes though the upper route may be more favorable. 
S i m i l a r l y , the peak at m/e 121 i s assigned to the fragment 
r e s u l t i n g from the loss of the ethyl group and methanol. 
MeOH 
r-eOK 
When R = CHj, XIV = m/e 135-
R = C^H^, XIV = m/e 121. 
Again, according to equation 2 the peaJc at m/e 121 i s 
expected to be more abundant than the peak at m/e 135 v/hen the 
ethyl substituent i s on the same side as the carbomethoxyl 
group, eind v i c e versa. This i s remarkable indeed i n the spec-
t r a of these compounds ( c f , Table 7-2). 
The peaks at m/e 93, M-(74+15) and 79, M-(74+29) 
should, no doubt, be attributed to the highly s t a b i l i z e d ion 
XV. Formation of t h i s ion requires fragmentation of a type 
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for vmich there appears to be no precedent 
When R = CH^, XV = 79 
R = C2H5, XV = 93 
The s p e c t r a l evidence presented above strongly suggests 
that the 61.5-• 66-, and 70-min. bands ( c f . Figure 7-4, Curve 
B) are three of the four geometrical isomers, XVI, XVII, X V I I I 
and XIX, Of course t h i s assignment cannot be considered con-
c l u s i v e u n t i l the chemical and s p e c t r a l properties of these 
esters have been compared with authentic samples. Therefore, 
the synthesis of these esters v/as undertaken. 
C02Me O^ Me 
XVI XVII X V I I I XIX 
I t i s obvious that c i s - and trans-3-ethyl-4-methyl-
cyclopentanone may function as key intermediates for the 
preparation of these e s t e r s . As mentioned i n Chapter 1, 
H. Lochte and h i s coworkers (14,15), during t h e i r attempt 
As mentioned i n Chapter 1, these investigators 
challenged the structure 3 ,4,4-trimethylcyclopentanone, 
assigned by Von Braun to the ketone obtained by degradation 
of a C^ Q naphthenic acid. They reported that the properties 
175 
to detoriiiine the nLructuro of /on Br.iun*.?. ketone, examined 
sev e r a l synthetic routes f or the preparation of the stereo-
isomers of 3-ethyl-4-methylcyclopentanone. Only one of these 
routes was reported by them to produce a mixture of the two 
isomers. 
The simple procedure outlined in the flow sheet pre-
sented i n Table 7-3 has been reported (1^) to y i e l d only the 
trans-lcetone. I t i s obvious from t h i s flow sheet that the 
production of one or the other isomer depends on v/hether the 
s t a r t i n g material (2-ethyl-3-methyl3Uccinic acid) i s one 
isomer or a mixture of the two possible diastereoisomers. 
Recently Linstead et a l . (16) reported the synthesis of 2-
ethyl-3-niethylsuccinic acid. Although they synthesized t h i s 
a c i d by the same method reported by H. Lochte, they ;^ere able 
to obtain the two possible diastereoisomers- This renders the 
r e i n v e s t i g a t i o n of the above-mentioned procedure (Table 7-3) 
d e s i r a b l e . 
I n the present investigation, 2-ethyl-3-methylsuccinic 
a c i d was conveniently secured by a l k y l a t i o n of die t h y l methyl-
malonate with ethyl a-bromobutyrate. When the intermediate 
t r i e s t e r was heated imder reflxix for 36 hours v;ith 20% hydro-
c h l o r i c a c i d and the homogeneous solution so obtained was 
of Von Braun's ketone are s i m i l a r to the properties of c i s -
3-ethyl-^-methylcyclopentanone. However, the substituted 
a c e t i c a c i d derived from t h i s ketone appeared to be di f f e r e n t 
from the a c i d Von Braun obtained from h i s ketone- F i n a l l y , 
since they f a i l e d to reproduce Von Braun's work i n i s o l a t i n g 
a Cio a c i d they discontinued t h e i r investigation of t h i s 
problem. The present vrork using V.P.C. suggests that Von 
Braxin probably had a mixture of ten or more acids. 
Table 7-5 
Plow Sheet for Synthesis of 
5-Ethyl-4-methylcyclopentanone 
CHjCH2<j3HC02Et 
Br 
CO-Et I 2 
CHjC 
COgEt 
EtOgC CO-Et I 2 
CgH^CH—C—CHj 
.Bt 
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HCl 
C2H5CHCO2H 
CH5-CH-<;02H 
LiAlH. C«Hc,-CHCHoOH 2. 5 I 2 
CHj-CHCH^OH 
PBr 
C2H^-CH-CH2Br KaCN 
CHj-CH-CH2Br DMSO 
C^Hi--CHCH5CN 2 5 I 2 
CHJ-CHCH2CN 
HCl 
C2H^-CHCH2C02H 
CHJ-CRCH2CO2H BaO 
cooled overnight at 0 , erythro-2-ethyl-5-methylsuccinic acid 
c r y s t a l l i z e d (about 40% of the product). This a c i d was recrys 
t a l l i z e d and e s t e r i f i e d (methanol and concentrated s u l f u r i c 
a cid) to y i e l d the pure methyl ester of erythro-2-ethyl-5-
methylsuccinic acid. When the hydrochloric acid solution 
obtained as a f i l t r a t e from the erythro form was evaporated 
to dryness, and the residue was heated at 190-200° for about 
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two hours the threo form of the succ i n i c acid was obtained. 
The a c i d secured i n t h i s way was e s t e r i f i e d to y i e l d a mix-
tvire of about 90% methyl threo-2-ethyl-5-methylsuccinate, 
5% of the erythro form and 5% of the anhydride. 
I t i s of i n t e r e s t to note that i f the hydrochloric 
a c i d i s evaporated without separation of the erythro form and 
the residue i s heated and e s t e r i f i e d as mentioned above, a mix-
ture of 90% threo, 5% erythro and 5% anhydride w i l l be obtained. 
Thi s i n d i c a t e s that the erythro acid i s isomerized to the threo 
form by heating at 200°. Inspection of Newman projections for 
the erythro and threo forms, XX and XXI respectively, of t h i s 
a c i d suggests that the erythro form would be the more stable 
isomer. This phenomenon has been recognized previously (17) 
i n the case of the meso and racemic forms of s-dimethylsuccinic 
acid, and isomerization to the threo form has been attributed 
to the formation and epimerization of the anhydrides, which are 
subsequently hydrolyzed during work-up of the reaction mixture. 
COpH 
H •H 
COpH 
2^5 
CO2H 2^5 C02n 
^ XXI 
The isomeric esters were reduced (separately) by 
li t h i m n alximinum hydride to the corresponding 2-ethyl-3-methyl-
1,4-butanediol. Unfortunately, the glyc o l s tend to lose water 
to form the corresponding 3-ethyl-4-methyltetrahydrofurans. 
The structxire of one of them was confirmed by interpretation 
of i t s spectra (see Experimental). Thus, the crude glycols 
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v/ere allowed to react with phosphorus tribromide, and the 
products were analyzed by V.P.C. From the erythro form of 
the di o l pure erythro-l,4-dibromo-2-ethyl-3-methylbutane was 
secured. On the other hand, the V.P.C. indicated that the 
product obtained from the threo form i s a mixture of three 
components v/hich could not be separated by f r a c t i o n a l d i s -
t i l l a t i o n . 
The bromides were converted to the corresponding d i -
n i t r i l e s by treatment with sodium cyanide and dimethylsulfoxide 
(18), and the n i t r i l e s were hydrolyzed to the corresponding 
P-ethyl -P'-methyladipic acids. The erjrthro form of t h i s acid 
was heated with barium oxide to y i e l d pure c i s - 3 - e t h y l - 4 -
methylcyclopentanone. By the same procedure the threo form 
yielded the trans-ketone, but i t was contaminated with small 
amounts of the c i s form and a t h i r d component. This product 
was p u r i f i e d by V.P.C. to produce pure trans-5-ethyl-4-methyl-
cyclopentanone, v/hich was used for completion of the synthesis. 
The trans ketone was allowed to react with methyl 
a-bromoacetate and zinc to produce methyl t r a n s - 3 - e t h y l - ^ 
methyl-l-hydroxycyclopentylacetate, v/hich v/as dehydrated to 
y i e l d the two possible geometrical iaomera of methyl trans-3-
Therc i s no doubt that the major product i s the 
desired threo l,4-dibroiao-2-ethyl-5-methylbutane. The other 
tv/o components may be ascribed to the rearranged bromides; 
for example, 2,4-dibromo-2-ethyl-3-methylbutane and 1,3-di-
bromo-2-ethyl-3-methylbutane. Conversion of a s e c - a l k y l 
carbinol to the bromide i s l i k e l y to be accompanied by r e -
arrangement v i a the carbonium ion. The mixture was used for 
subsequent steps i n the synthesis, for the rearranged bro-
mides should e a s i l y y i e l d separated by-products. 
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ethyl-4-methylcyclopentylideneacetate, XVI and XVII. Chroma-
tography on an N.P.G.S. column showed that these two isomers 
have close but d i f f e r e n t retention times. The mass spectriun 
of the component i n the band of shorter retention time ( c f . 
Table 7-2) shows that the peak at m/e 155 (M-29) i s more abun-
dant than the 167 peak (M-15)» while the reverse was observed i n 
the spectrum of the longer-retention-time band. I t follows ac-
cording to equation 1, that the f i r s t band contains isomer XVI, 
while the second i s XVII. The N.M.R. spectra (Figure 7-5; com-
pare Curves B and C), as well as the mass spectra, indicate that 
isomer XVI i s i d e n t i c a l with the component i n the 61.^-m±n. band 
( c f . Figure 7-4, Curve B) derived from f r a c t i o n I I I - 2 - A . More-
over, the V.P.C- tracings indicate that isomer XVII i s the same 
as the 66-min. band, and t h i s conclusion i s substantiated by the 
mass spectra of these two components. Thus, the i s o l a t e d naph-
thenic a c i d contains at l e a s t one of the geometric isomers i n 
which et h y l i s trans to methyl. 
Cis-5-Ethyl-4-methylcyclopentanone was converted, i n 
the same manner mentioned above, to the two isomers, XVIII and 
« 
XIX, which were likewise separated by V.P.C. using the same 
column mentioned above. The mass spectra indicate that again 
the shorter-retention-time band contains the isomer X V I I I 
which has the ester group on the side with ethyl, and the 
longer-retention-time one i s the other isomer, XIX. The 
V.P.C. and the mass spectra of igomer X V I I I are s i m i l a r to 
those of the component from the 70-min. band from the natural 
The tv/o endocyclic double bond isomers were also detected i n small amoiint. 
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product. The mass spectrum indicates that about 2 5 % of the 
content of the 70-min, band i s an e s t e r of a C^^ a c i d ( c f • 
Figure 7-8, graph A). Because of t h i s impurity the N.M.R. 
spectrum of t h i s component ( c f . Figure 7-5* Curve A) does 
not compare well i n the methyl region with the spectrum of 
isomer X V I I I ( c f . Figure 7-6, Curve B). 
I t i s of s i g n i f i c a n c e to note that the four synthetic 
stereoisomers, XVI, XVII, X V I I I and XIX, have close but differ-
ent retention times (using N.P.G.S. column) i n the same manner 
as observed for the ones derived from f r a c t i o n I I I - 2 - A ( c f • 
Figure 7-A-, Cxirve B) • This i s additional evidence that they 
are the same. Moreover, i t i s obvious that isomer XIX 
(longer retention time than the 70-min. band, F i g , 7-^, Curve 
B) was not formed by degradation of f r a c t i o n I I I - 2 - A . This 
may be attributed to the f a c t that the two a l k y l groups on the 
same side would cause the attack of the brominating agent to 
take place predominantly from the l e s s hindered side. This 
leads to the dominant formation of only one of the two pos-
s i b l e diastereoisomers of the a-bromo ester which, i n turn, 
would y i e l d one of the two possible unsaturated e s t e r s , on 
account of the concerted nature of the E2 elimination. 
C a t a l y t i c hydrogenation (palladi\im-on-charcoal cata-
l y s t ) of the unsaturated esters prepared from the trajis 
ketone yielded a methyl ester, XXII. This product has the 
•Only one band was observed i n the V.P.C. tr a c i n g of 
t h i s product. However, since two isomers, XXIII and XXIV, 
were obtained by hydrogenation of the \msaturated e s t e r s pre-
pared from the c i a ketone, i t seems impossible that only one 
isomer was obtained from the hydrogenation of the esters 
formed from the trans ketone. 
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re t e n t i o n time as f r a c t i o n I I I - 2 - A , using two di f f e r e n t par-
t i t i o n i n g agents ( s i l i c o n e and N.P.G.S,)* Moreover, the mass 
spectra of the i s o l a t e d and synthetic esters were i d e n t i c a l . 
On the other hand, hydrogenation of the unsaturated 
e s t e r s obtained from the c i s ketone i n presence of palladium-
on-charcoal. c a t a l y s t yielded two saturated esters, XXIII and 
XXIV (two bands were detected i n the V.P.C. t r a c i n g ) . Since 
the c a t a l y s t tends to attack from the l e s s hindered side, i t 
would be expected that the major product (the longer-retention-
time band) v/ould be isomer XXIV. Moreover, as mentioned i n 
Chapter 5, i t has been observed that hydrogenation with p l a t i -
num oxide as a c a t a l y s t produces predominantly c i s product. 
On t h i s b a s i s i t was noticed that the c i s products ( c f . Chapter 
6) always have longer retention times than the corresponding 
trans products. This substantiates the conclusion stated above 
that the major product of t h i s hydrogenation i s isomer XXIV. 
The retention time of the minor product i s i d e n t i c a l 
with that of f r a c t i o n I I I - 2 - A using two di f f e r e n t p a r t i t i o n i n g 
agents ( s i l i c o n e and N.P.G.S.)' Moreover, these two compounds 
have s i m i l a r fragmentation patterns. Therefore, the data 
presented above seem to constitute conclusive evidence that 
f r a c t i o n I I I - 2 - A i s a mixture of isomers XXII and X X I I I . 
H2C02Me CH2C02Me 
CH2C02Me 
XXII X X I I I XXIV 
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F i n a l l y , i t i s of i n t e r e s t to notice that the i s o l a t e d 
ester ( f r a c t i o n I I I - 2 - A ) i s o p t i c a l l y inactive, [ a ] ^ ^ = 0 ± 
0.12^. 
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Experimental 
V.P/C. Analysis •• ' 
The V.P.C- data presented i n t h i s chapter were obtained 
with the same apparatus described i n d e t a i l i n Chapter 2. 
N.M.R., U.V., I.R. and Mass Spectra 
The spectra reported i n t h i s chapter were determined i n 
the same manner as described i n Chapter 6. Spe c i f i c conditions 
may be found i n the legend attached to the suitable figure. 
Melting Point Determination 
Melting points were measured with a Btlchi Schmelzp^rnkt-
bestimmungsapparat. 
Preparation of 2,4*Dicyano-3-
ethyl"3-methylglutarimide 
I n a 1 - l i t e r round-bottomed f l a s k , there were placed 
151 g. (1 mole) of ethyl cyanoacetate, 56 g- ( 0 . 5 mole of 
methyl ethyl ketone, 1/2 g. of ammonium acetate and 2 0 0 ml. 
of 9 5 % ethanol which contained 2 0 g. of dry ammonia (ammonia 
gas was previously allowed to pass through t h i s alcohol) . The 
f l a s k was stoppered and placed i n a re f r i g e r a t o r at about 0 ° . 
After about 1^ hours, the precipitated ammonium s a l t of the 
desired imide was separated by f i l t r a t i o n . This product v/as 
washed on a Btlchner funnel with about 50 ml. of ebher and 
a i r - d r i e d . 
The ammonium s a l t obtained above was dissolved i n the 
minimum amount of b o i l i n g water and the solution v;as made 
a c i d i c by addition of concentrated hydrochloric acid. The 
fre e imide p r e c i p i t a t e d immediately and formed a white s l u r r y 
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which was cooled i n an i c e bath. a?he imide was c o l l e c t e d on 
a Btlchner funnel, m.p. 1 9 5 - 1 9 6 ° ; l i t . ( 9 ) m,p., 187-191^ (some 
s o l i d at 200°). 
3-Ethyl-5-methylglutaric Acid 
The crude imide obtained above was mixed, i n a 3 - l i t e r 
round-bottomed f l a s k , with ^ 5 0 ml. of 65% s u l f u r i c acid. This 
mixture was heated under re f l u x for 10 hours, then cooled. The 
p r e c i p i t a t e was separated by f i l t r a t i o n on a sintered glass 
funnel, and the'iirude 3-ethyl-5-methylglutaric acid was c r y s -
t a l l i z e d from water to y i e l d 45 g. ( o v e r a l l y i e l d 75%) of the 
pure acid; m.p, 79-82°; l i t . ( 9 ) , 78-80°. 
5-Ethyl-5-methylglutaric Anhydride 
F i r s t method: A 20-g. sample of 3-ethyl-3-methylglu-
t a r i c a cid was mixed with 58 g- of acetyl chloride and the mix-
ture was heated under r e f l u x for one hour. The product was 
d i s t i l l e d at atmospheric pressure through a two-foot column 
u n t i l a l l the acetic a c i d had been removed. The residue was 
f r a c t i o n a l l y d i s t i l l e d to y i e l d 14.5 g. of the desired anhy-
dride; b.p. 146-155^/8 mm; l i t . (10), 185°/20 mm. The V.P.C-, 
using 10 f t . X 3/8 i n . 20% s i l i c o n e column (temp., 1 7 5 ° ; helium 
flow r a t e , 150 ml./min.) indicated that t h i s product i s homo-
geneous; one single symmetrical band was observed; retention 
time, 18 min. 
Second method: I n a d i s t i l l i n g f l a s k , there was 
placed 22 g. of 3-ethyl-3-methylglutaric acid. The f l a s k was 
heated at reduced pressure (20 mm.) for one hour and the prod-
uct was slowly d i s t i l l e d through a 2 - f t . colujnn to y i e l d 16 g. 
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of the anhydride. This product was i d e n t i c a l to the one 
obtained above. 
Methyl Hydrogen 3- E t h y l -
3- methylglutarate 
I n a 50-ml. round-bottomed f l a s k , 16 g- of the anhy-
dride obtained above was dissolved i n about 10 ml. of absolute 
methanol (reagent grade). This solution was heated under re-
flxix f o r about one hour. Chromatography of the product i n d i -
cated that the reaction was complete (no s i g n i f i c a n t eimount of 
the anhydride was detected), but the desired half ester was 
contaminated with about 5% of the d i e s t e r . This product was 
quickly d i s t i l l e d (without column) to y i e l d 16 g. of methyl 
hydrogen 3-ethyl-5-methylglutarate, b.p. 139-1^1^/^ mm; l i t . 
( 1 0 ) , 128-130°/2 mm. Analysis by V.P.C. (same column and con-
d i t i o n s indicated above) showed that t h i s product i s contami-
nated with 2% of the d i e s t e r and with a s i m i l a r amo\int of the 
anhydride. 
... 
4- Carbomethoxy-3-ethyl-3-methyl-
butanoyl Chloride 
A mixture of 3 (0.0157 mole) of methyl hydrogen 3-
ethyl-5-niethylglutarate and 6 ml. (0.048 mole) of p u r i f i e d 
thionyl chloride was allowed to stand at room temperature for 
36 hours. The excess thionyl chloride was removed by means 
of a r o t a r y evaporator under reduced pressure. A few ml. of 
dry benzene (previously drived over sodium) were added and 
Slow d i s t i l l a t i o n through a column resulted i n con-
version of a s i g n i f i c a n t amount of the half e s t e r to the 
d i e s t e r suad the anhydride. 
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and evaporated i n the same manner as before. This step was 
repeated u n t i l the product had become thionyl-chloride-free. 
About 2.9 g. of the ester acid chloride was obtained. L i t . 
(10), b.p. 120-122^/20 mm. 
Preparation of Dimethyl 3-Ethyl-
5-methyl Adiptate 
To a solution of 1.7 g« (0.0^ mole) of diazomethane i n 
about 1 5 0 ml. of ether [previously prepared from p - t o l y l s u l f o -
nylmethylnitrosamide ( 1 9 ) ] , there was added slowly with s w i r l -
ing a solution of 3 g. (0.0145 mole) of 4-carbomethoxy-5-
methylbutanoyl chloride i n 10 ml. of dry ether. The tempera-
ture was kept at 5-10*^  during the addition period. After the 
reaction mixture had been allowed to stand at room temperature 
overnight, the solvent and the excess diazometheme were r e -
moved at reduced pressure (s o l u t i o n kept at about room tempera-
ture) . 
The diazoketone obtained above was dissolved i n about 
10 ml. of absolute methanol (reagent grade) and transferred to 
a 100-ml. three-necked f l a s k f i t t e d with a refl u x condenser, 
mercury-sealed mechanical s t i r r e r and a dropping funnel. In 
the funnel there was placed a solution of 0.^5 g. of s i l v e r 
benzoate i n 4 ml. of trimethylamine (the s i l v e r benzoate was 
obtained by addition of an equivalent amount of s i l v e r n i t r a t e 
to sodixim benzoate; the pr e c i p i t a t e was collected, washed with 
water and dried i n a vacuum oven). When a few drops of the 
s i l v e r benzoate solution was added to the reaction mixture. 
This step was ca r r i e d out according to the procedure of M. S. Newman (20). 
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i t was noticed that nitrogen evolution started and the solution 
turned black. When the nitrogen evolution slackened, more of 
the s i l v e r benzoate solution was added. This was repeated 
u n t i l no more nitrogen evolution occurred (about 2 hours were 
required for t h i s addition). The reaction mixture was f i n a l l y 
heated under r e f l u x (steam bath) for 15 minutes, then allowed 
to stand at room temperature f o r two hours. Charcoal was then 
added to the product, and a f t e r the mixture had been shaken 
well, i t was f i l t e r e d through a sintered-glass funnel. The 
f i l t r a t e was transferred to a separatory funnel, and excess 
water was added. The l i b e r a t e d organic layer was extracted 
with ether (foiir .times), and the extracts were washed with 
water, 1 N hydrochloric acid, again with water, and f i n a l l y 
d ried over anhydrous magnesium s u l f a t e . The solvent was r e -
moved by d i s t i l l a t i o n at atmospheric pressure, and the residue 
was f r a c t i o n a l l y d i s t i l l e d through a 2 - f t . column to y i e l d 1.9 
g, ( 5 7 % of the t h e o r e t i c a l y i e l d ) of dimethyl 3-ethyl-3-methyl-
adipate, b.p. 1 3 2 - 1 3 4 ° / 1 0 . 5 mm. The V,P,..C. ( 1 0 f t . x 3/8 i n . , 
2 0 % s i l i c o n e coliuan; temp., 1 7 2 ° ; helium flow rate about 1 5 0 
ml. per min.) indicated that about 9 7 % of t h i s product i s the 
desired d i e s t e r , retention time 2 7 min.; the r e s t of the prod-
uct i s dimethyl 3-ethyl-3-methylglutarate (presumably the d i -
e s t e r which was present i n the s t a r t i n g m a t e r i a l ) . The ana-
l y t i c a l sample was p u r i f i e d by V.P.C. 
Anal. Calcd. f o r ^11^20^^' ^' 6 1 . 1 1 ; H, 9-26. Found: C, 
5 9 . 6 9 ; H, 9.59. 
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3-Ethyl-5-methylcyclopentanone 
To 8 g- of the dimethyl ester obtained above, 50 ml. 
of 20% potassium hydroxide solution smd 30 ml. of methanol 
were added. This mixture was heated under reflux f o r 4 hours. 
The product was cooled, extracted with ether and diluted with 
water. The organic acid was lib e r a t e d by addition of 6 N s u l -
f u r i c acid and worked up as usual to y i e l d 6.4 g. (92%) of 
5-ethyl-5-methyladipic acid. 
I n a 50-ml. f l a s k there were placed the 6.4 g. of acid 
obtained above and 0.42 g. of beirium oxide (21). The f l a s k 
was connected to a 2 - f t . Podbielniak-type column and heated at 
atmospheric pressure-in a s a l t bath. The bath temperature was 
kept at about 300°, and the column temperature was not allowed 
to exceed 180°. The ketone was d i s t i l l e d very slowly, and the 
reaction was completed i n about a 7-hour period. The ketone 
was separated from the water, and the l a t t e r was extracted 
three times with 2-ml. portions of ether. The ether solution 
was added to the o r i g i n a l organic product, and the r e s u l t i n g 
solution was dried over anhydrous calcium chloride. The s o l -
vent was removed through the column to leave a residue of 2.8 
g. (68%) of 3-ethyl-3-methylcyclopentanone. Analysis by V.P.C 
(20 f t . X 3/8 i n . , 10 f t . N.P.G.S. column) showed only a s i n -
gle symmetrical band- The I.R. spectriim (thin f i l m ) showed 
a carbonyl absorption at 1740 cmT^ which i s c h a r a c t e r i s t i c 
of five-membered-ring ketones. L i t . (22) b.p. 174°; semi-
cairbazone, m.p., 170°. 
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3-Ethyl-3-methylcyclo-
pentylideneacetate 
A dry three-necked f l a s k equipped with s t i r r e r , 
thermometer, condenser and dropping funnel was purged with 
dry nitrogen and charged with 0-525 S« of 5 0 % dispersion of 
sodiiun hydride i n mineral o i l and 10 ml. of dry benzene ( d i s -
t i l l e d benzene was dried over sodium, kept over sodixim hydride 
and f i l t e r e d into the f l a s k j u s t before use). To t h i s mixtiire 
there was added dropwise over a 45-50 min. period 2 g. of t r i -
methyl phosphonoacetate. During the addition period the tem-
perature was maintained at 30-35°• Vigorous evolution of 
hydrogen was noticed during t h i s pai^t of the reaction. After 
the addition of the trimethylphosphonoacetate had been complet-
ed, the mixture was s t i r r e d for one hour at room temperature. 
To t h i s reaction mixture there was added dropwise, over a 30-40 
min. period, 1.26 g. of 3-ethyl-3-methylcyclopentanone i n 2 ml. 
of dry benzene. The temperature was kept at 20-30° during t h i s 
addition. This mixture was heated with s t i r r i n g at 60-65° for 
15 min., then the f l a s k was cooled to 10° and the mother liquor 
was decanted from the p r e c i p i t a t e . This p r e c i p i t a t e was ex-
t r a c t e d w e l l with benzene (four times) at 68°, and the extracts 
were decanted at 10°. The solvent was removed from the extracts 
as usual, and the product was d i s t i l l e d at reduced pressure to 
y i e l d 1.1 g. (60%) of methyl 3-ethyl-3-methylcyclopentylidene-
acetate. Analysis by V.P.C. indicated that t h i s product i s 
i d e n t i c a l with methyl 3-ethyl-3-methylcyclopentylideneacetate 
prepared v i a a Reformatsky reaction (see l a t e r ) . 
F i l t r a t i o n may be employed when necessary 
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Methyl 3-Ethyl -3-methyl-l-hydroxy-
cyclopentylacetate 
A sample of 0.9^4 g- of 3-ethyl-3-methylcyclopentanone 
was allowed to react with 4 g- of zinc and 9'1635 S« of methyl 
bromoacetate according to the procedure described i n Chapter 6. 
The crude product ( 2 . 6 g.) was analyzed by V.P.C. using a s i l i -
cone column. The V.P.C. tracing indicated that a l l the ketone 
had been converted to the desired p-hydroxy ester. I t also 
showed that a small amount of the p,Y-unsaturated esters, 3-
ethyl - 3-methylcyclopentenylacetate, had been formed, presumably 
by dehydration of the hydroxy e s t e r . 
Dehydration of Methyl 3-Ethyl - 3 - . 
methyl-l-hydroxycyclopentylacetate 
The crude product obtained above was allowed to react 
with 2.5, g- of phosphorus oxychloride i n 1 0 g- of pyridine 
according to the procedure described i n Chapter 6 to y i e l d 
0 .876 g. ( o v e r a l l y i e l d s t a r t i n g from the ketone, 6 5 % ) of the 
four possible unsaturated e s t e r s . The V.P.C. tracing ( 1 0 f t x 
3/8 i n . , 2 0 % s i l i c o n e column; temp., 1 5 0 ° ; helium flow rate 
about 1 5 0 ml, per min.) showed four bands at 23, 25, 37 and 38 
min.; the 23-min. (13%) and 25-min. (18%) bands are the two 
possible P ,Y-unsaturated esters (^^g^ 1 9 2 . 5 e = 8 , 8 5 0 ) ; 
the 37- and 38-min. bands ( 6 9 % , poorly separated) are the two 
geometrical isomers of methyl 3-ethylcyclopentylideneacetate 
(^max "^^^ ^  " 1 1 , 0 0 0 ) . 
Methyl 3--Ethyl -3-methylcyclopentylacetate 
A sample of 0.45 g. of the mixture of the unsaturated 
esters obtained above was dissolved i n 25 ml. of 9 5 % ethanol, 
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and 0.25 g. of 10% palladium on charcoal was added. The mix-
ture was hydrogenated according to the procedure outlined i n 
Chapter 6 to y i e l d methyl 3-ethyl-3-methylcyclopentylacetate 
(80% y i e l d ) . 
I n another run 0.2 g. of the unsaturated esters was 
hydrogenated i n presence of platinum oxide and a c e t i c acid 
( d i s t i l l e d from potassium permanganate) as a solvent. 
The V.P.C. using two different p a r t i t i o n i n g agents 
(the s i l i c o n e and N.P.G.S. colximns described above) indicated 
that these two products are i d e n t i c a l (for each, only one sym-
metrical band was observed at the same retention time). 
Molecular weight i s 182 ( c f . Figure 7-3). 
Anal.* Calcd. f o r C^IH2Q02: C, 71.8; H, 10.88. Found: C, 
72.21; H, 11.17. 
Degradation of Fraction I I I - 2 - A 
A sample of 257 mg. of the abid obtained by hydrolysis 
of f r a c t i o n I I I - 2 - A was treated with 310 ul- of phosphorus t r i 
bromide and a t o t a l of 550 uL of bromine i n the same manner 
described i n Chapter 6. The a-bromo ester obtained was con-
tinuously extracted with hexane and worked up as usual to 
y i e l d 455 mg. of crude product. This material was p u r i f i e d by 
V.P.C* as indicated i n Figure 7-4, Curve A. The product ob-
tained by c o l l e c t i o n of the 51-min. band (25% of the crude 
product) was dehydrobrominated by heating with quinoline 
( s y n t h e t i c , Matheson) according to the procedure described 
The a n a l y t i c a l sample was p u r i f i e d by V-P.C 
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i n Chapter 6 to y i e l d 68 mg. of the crude unsaturated ester. 
Chromatography of t h i s product showed the presence of several 
components ( c f . Figure 7-4, Curve B). These components were 
coll e c t e d as indicated in Figure 7-4, Curve B. The y i e l d of 
each component i s given i n Table 7-4. 
Table 7-4 
The Unsaturated Esters Derived from Fraction I I I - 2 - A 
Retention time Y i e l d 
(min.) (mg-) Remarks 
51 1 Unknown 
57 1 Unknown 
61.5 ^ Compound XVI 
66 2.5 Compound XVII 
70 5 Mostly Compound XVIII (75%); the 
re s t i s the methyl ester of a 
C^ -j^  a cid. 
Methyl 2-Ethyl-5-methylsuccinate 
A round-bottomed f l a s k was equipped with a magnetic 
s t i r r e r and charged with 2 l i t e r s of dry t-butyl alcohol (pre-
viously d i s t i l l e d from sodium). To t h i s there was added 46 g. 
of potassium metal and the mixture was warmed with s t i r r i n g 
u n t i l a l l the potassium had dissolved. The c l e a r solution was 
cooled to room temperature and 260 g. of diethyl methylmalonate 
(previously d i s t i l l e d ) was added rapidly with s t i r r i n g . To the 
re s u l t i n g mixture, 250 g. of ethyl a-bromobutyrate (Eastman 
Kodak Company, d i s t i l l e d Just before use) was added i n a period 
This step was ca r r i e d out according to the procedure 
of J . Cason e t a l , (23). 
1 9 3 
of 5 min. The r e s u l t i n g mixture was heated under reflux for 
2 hours, at the end of which period the condenser was arranged 
for d i s t i l l a t i o n and most of the alcohol was d i s t i l l e d . The 
residue was cooled to room temperature, excess water was added, 
and the organic layer was extracted with about 400 ml, of ben-
zene. The benzene solution was extracted once with water, and 
the water was added to the o r i g i n a l aqueous solution. The com-
bined aqueous phase was extracted twice with 150-ml. portions 
of benzene. The benzene extracts were washed with water and 
added to the o r i g i n a l organic phase. This solution was d i s -
t i l l e d at atmospheric pressure, and the residue was.fraction-
a l l y d i s t i l l e d through a 2 - f t . coliunn to y i e l d 220 g. (65% 
y i e l d ) of the t r i e s t e r , b.p. 162°/20 mm. 
The t r i e s t e r obtained above was mixed with 700 ml. of 
20% hydrochloric acid and heated under reflux for 40 hours. 
The r e s u l t i n g homogeneous solution was cooled and kept over-
night at 0°. The precipitated s o l i d acid was separated by f i l -
t r a t i o n , washed with a few ml. of 5 N hydrochloric acid and r e -
c r y s t a l l i z e d from water to y i e l d 48 g. of erythro-2-ethyl-3-
methylsuccinic acid; m.p. 183.5-184°; l i t . (16) m-p. 182°. 
This s o l i d acid was e s t e r i f i e d by heating under re f l u x 
(8 hours) with 5 0 0 ml. of absolute methanol (reagent grade) and 
20 ml. of s u l f u r i c acid, then v/orked up as described i n Chapter 
2. The dimethyl ester obtained was analyzed by V.P.C. Only 
one symmetrical band was detected i n the V.P.C. tracing. 
The hydrochloric acid solution obtained above as a 
f i l t r a t e was evaporated to dryness, and the residue was heated 
with s t i r r i n g for 2 hours at 190-200° ( u n t i l the gas evolution 
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had ceased). . The product was cooled to room temperature and 
e s t e r i f i e d i n the sajne manner as described above. The methyl 
ester obtained was d i s t i l l e d under reduced pressure to y i e l d 
60 g. of methyl threo-2-ethyl-3-methylsuccinate; b.p. 98°/18 
mm.; l i t . (16) m,p. of the acid, 1 0 2 ° . The V.P.C. tracing 
( 1 0 f t . X 3/8 i n . , 2 0 % s i l i c o n e column; temp,, 151 ° t helium 
flow rate, 150 ml. per min.) indicated that t h i s product i s a 
mixture of 90% of the desired methyl threo-2-ethyl-3-methyl-
succinate, 5 % of the erythro form and 5 % of the anhydride. 
Reduction of Methyl Erythro-2-
ethyl-3-methylsuccinate 
A 3-necked f l a s k , equipped with a condenser, mechani-
c a l s t i r r e r and addition funnel, was charged with 300 ml. of 
dry ether and 9-5 S- of lithium aluminum hydride. To t h i s mix-
ture there was added with s t i r r i n g 1 5 -5 g. of methyl erythro-2-
ethyl-3-methylsuccinate i n 50 ml. of ether at such a rate that 
the ether refluxed moderately (about 3 hours). After the addi-
t i o n had been completed, refluxing was continued f o r 4 hours. 
To decompose the remaining reducing agent, water was added 
dropwise with s t i r r i n g u n t i l vigorous reaction with water had 
ceased. The mixture^was poured into 400 ml. of ice-water con-
taining 1 0 % s u l f u r i c acid. The aqueous layer was drawn off and 
extracted (continuously for 24 hours) with ether. The organic 
solution was dried over anhydrous magnesium sul f a t e and the 
solvent was removed by d i s t i l l a t i o n to y i e l d 9-5 S- of the 
crude glycol (erythro-2-ethyl-3-inethyl-l,4-butanediol). 
I n the V.P.C* tracing of t h i s product (same column amd 
conditions indicated above), two peaks were observed at 6 ajid 
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23 min. The 6-min. band proved to be 3-ethyl-4-methyltetra-
hydrofuran, apparently formed by dehydration of the desired 
g l y c o l (the 23-min. band). When the crude product was heated 
\inder reduced pressure (water pump), water and a v o l a t i l e com-
pound were obtained. This compovmd was separated and analyzed 
by VcP.C- Only the 6-min. band was detected. The U.V. i n d i -
cated that t h i s product i s a saturated compound (no s i g n i f i c a n t 
absorption was observed above 1 9 0 mu). The N.M.R. spectrum (cf 
Figure 7-9) i s convincing evidence that t h i s compound i s c i s - 3 -
ethyl-4-methyltetrahydrofuran. The a n a l y t i c a l sample was ob-
tained by d i s t i l l a t i o n . 
Anal. Calcd. f o r Cr; H^ O^: C, 73.7; H, 12 - 2 8 . Found, C, 72.24, 
72.6; H, 1 0 . 9 1 , 12.42. 
Reduction of Methyl threo - 2 -
Ethyl - 3-methylsuccinate 
A 30-g. sample of methyl erythro - 2-ethyl - 3-methylsuc-
cinate was reduced with lithium aluminum hydride i n the same 
manner as described above to y i e l d 2 0 g. of the crude threo - 2 -
ethyl - 3-methyl-l,4-butanediol. When t h i s glycol was d i s t i l l e d 
at reduced pressure, the product boiled over a wide range ( 9 5 -
1 2 5 ^ / 1 ^ mm.) and the V.P.C. tracing indicated that i t was a 
mixtiire of the glycol and the trans - 3-ethyl-4-methyltetra-
hydrofuran. 
*This step was undertaken to remove the l a s t traces 
of the solvent. 
* * A n a l y t i c a l d i f f i c u l t i e s have been noted regularly i n these l a b o r a t o r i e s (25) with t h i s type of structure. Slow burning of the samples improved the values for hydrogen but the percentage of carbon i s always lower than the calculated value. 
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Legend to F i g u r e 7-9 
N.M.R. spectrum of c i s - 3 - e t i i y l - A — m e t h y l t e t r a h y d r o f i i r a n . 
The spectrum was run i n carbon t e t r a c h l o r i d e with T.M.S. 
as i n t e r n a l r e f e r e n c e . 
- The two bands between T 6 and 7 are s i g n a l s from the 
four protons alpha to the oxygen atom. The band c e n t e r e d 
a t 7.8 i s due to the two methine protons. The band 
c e n t e r e d at T 8.7 i s c h a r a c t e r i s t i c of the methylene of 
the e t h y l group and the overlapping doublet and t r i p l e t 
at T 9-1 are s i g n a l s from the t e r m i n a l methyl groups. 
I . ; . ' ' ' t» . - I'.y •^'v-v..•• 
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Goodman (14) reported t h a t d i s t i l l a t i o n of the crude 
g l y c o l y i e l d e d t h r e e f r a c t i o n s ; the f i r s t b.p. 97-105^/15 mm. 
was d e s c r i b e d as the s t a r t i n g e s t e r , the second l50-8*^, stnd 
the t h i r d 159-^0*^ (15 mm.) were reported to be the d e s i r e d 
g l y c o l and the f r e e a c i d obtained by h y d r o l y s i s of the s t a r t -
i n g e s t e r . T h i s a c i d v/as reported to be separated from the 
dibromide a t the next s t e p i n the s y n t h e s i s . 
1,4-Dibromo-2-ethyl-5-methylbutane 
( a ) E r y t h r o form: I n a 5-necked f l a s k , equipped with 
a mechanical s t i r r e r , thermometer and an a d d i t i o n f u n n e l , there 
was p l a c e d 9 S« of the crude erythro-2-ethyl-5-inethylbutane" 
d i o l . The f l a s k was cooled to -5*^ and 45 g. of phosphorus t r i -
bromide were added dropwise with s t i r r i n g . The r e a c t i o n tem-
p e r a t u r e was kept a t -5° to +5*^  (24) during the . a d d i t i o n p e r i o d 
The r e s u l t a n t mixture was allowed to stand overnight at 0°, 
then g r a d u a l l y brought to room temperature. The mixture was 
f i n a l l y heated a t 80-85*^ f o r one hour, then cooled again to 
room temperature before water was added (very c a r e f u l l y ) drop-
wise u n t i l the vigorous r e a c t i o n with the excess phosphorus 
tribromide had ceased. The contents of the r e a c t i o n f l a s k were 
t r a n s f e r r e d to a s e p a r a t o r y f u n n e l , and the organic m a t e r i a l 
was e x t r a c t e d with e t h e r . The e t h e r e a l s o l u t i o n was washed 
with potassium carbonate s o l u t i o n , then with water, and f i n a l l y 
d r i e d over anhydrous potassium caxbonate. The s o l v e n t was r e -
moved as u s u a l to y i e l d 4.36 g. of the dibromide. Only a 
s i n g l e symmetrical band was observed i n the V.P.C- t r a c i n g 
of t h i s product (10 f t . x 3/8 i n . , 20% s i l i c o n e column; temp., 
1C8 
150°; helium flow r a t e , about 150 ml- per min.; r e t e n t i o n time 
of the product, 37.5 min.)- The a n a l y t i c a l sample was p u r i f i e d 
by V.P.C. 
Anal. C a l c d . f o r Cr,H^^Br2: Br, 62.00; found: Br, 62.12. 
( b ) Threo form: A seunple of 20 g. of the crude t h r e o -
2-ethyl - 5-methyl-l , 4-butaLnediol was allowed to r e a c t with phos-
phorus t r i b r o m i d e i n the same manner as d e s c r i b e d above to 
y i e l d 13-6 g. of crude products. The V.P.C. t r a c i n g ( s i l i c o n e 
column d e s c r i b e d above; temp., 150°; helium flow r a t e 150 ml. 
per min.) showed th a t t h i s product i s a mixture of th r e e com-
ponents, r e t e n t i o n times 25o5i 37 and 43 min. The major baud 
(threo-l , 4-dibromo - 2-ethyl - 3-methylbutane) had the same r e t e n -
t i o n time as the e r y t h r o form obtained above (37 min.). D i s -
t i l l a t i o n of t h i s product y i e l d e d t h r e e f r a c t i o n s : 3-3 &^ ^ 
b.p- 9 4 - 9 8 ° / 9 nun., 4 . 5 g- b.p. 9 9 - 1 0 4 ° , and 5 g- of higher 
b o i l i n g p o i n t than 1 0 4 ° . Gas chromatography i n d i c a t e d t h a t 
t h e s e t h r e e f r a c t i o n s were s t i l l mixtiires of the t h r e e compo-
nents mentioned above, but the f i r s t f r a c t i o n was mostly the 
s h o r t e r - r e t e n t i o n - t i m e component. L i t . (14) b.p. f o r the 
dibromide, 1 1 0 ° / 1 3 mm. 
E r y t h r o - 3 - E t h y l - 4 - M e t h y l a d i p i c Acid 
The erythro bromide obtained above was converted to 
the c o rresponding d i n i t r i l e by r e a c t i o n with sodium cyanide 
i n d i m e t h y l s u l f o x i d e a c c o r d i n g to the procedure d e s c r i b e d 
i n d e t a i l i n Chapter 5- The crude n i t r i l e obtained was 
chromatographed by V.P.C. u s i n g the same column and condi -
t i o n s shown i n the preceding s e c t i o n . Only one band was 
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detected. The I.R. spectrum ( t h i n f i l m ) showed a st r o n g * 
a b s o r p t i o n band at ^.52 u which i s c h a r a c t e r i s t i c of -C=K 
s t r e t c h i n g v i b r a t i o n s . 
The n i t r i l e obtained above (about 2 g.) was hydrolyzed 
by h e a t i n g under r e f l u x with 25 ml. of concentrated hydrochlo-
r i c a c i d . Heating was continued u n t i l a homogeneous s o l u t i o n 
was obtained (about 3 d a y s ) . The r e s u l t i n g s o l u t i o n was con-
c e n t r a t e d to about ^ ml. and cooled. The s o l i d p r e c i p i t a t e 
was s e p a r a t e d by f i l t r a t i o n and t r i t u r a t e d with e t h e r s e v e r a l 
times. The e t h e r e a l s o l u t i o n was se p a r a t e d f-rom the ammonium 
c h l o r i d e by f i l t r a t i o n and the s o l v e n t was removed to y i e l d 
1-9 g. of s o l i d a c i d . The I.R. spectrvun ( s o l u t i o n i n c h l o r o -
form; c e l l t h i c k n e s s , 0.1 mm.) showed a broad a b s o r p t i o n i n 
the OH r e g i o n c h a r a c t e r i s t i c of c a r b o x y l i c a c i d s and a carbonyl 
a b s o r p t i o n a t 5•82 u. 
A sample of t h i s a c i d was r e c r y s t a l l i z e d from water f o r 
i d e n t i f i c a t i o n ; m o p . 95-95.5^-
Cis-3-Ethyl-4-methylcyclopentanone 
A sample of 1.8 g. of the a c i d obtained above was con-
v e r t e d to cis-3-ethyl-4-methylcyclopentanone by h e a t i n g w i t h 
0.115 S' of barium oxide according to the proced\ire d e s c r i b e d 
e a r l y i n t h i s chapter ( t h e product** d i s t i l l e d a t 174-184°). 
T h i s product was separated from the water and d r i e d as u s u a l 
N i t r i l e s u s u a l l y show a weak absorption band ( r e l a -
t i v e to CH s t r e t c h i n g v i b r a t i o n band). The observed s t r o n g 
a b s o r p t i o n i s due to the presence of two n i t r i l e groups. 
* • 
T h i s product was a mixture of the ketone and water 
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to y i e l d 0.75 S» ( 6 3 % y i e l d ) of the d e s i r e d ketone. Gas 
chromatography ( u s i n g the same column and the same c o n d i t i o n s 
i n d i c a t e d above) showed o n l y a s i n g l e symmetrical band ( r e t e n -
t i o n time, 11 min.). The I.R. spectrum ( s o l u t i o n i n c h l o r o -
form) showed a carbonyl a b s o r p t i o n a t 5-77 U c h a r a c t e r i s t i c 
of five-membered r i n g ketones. L i t . ( 1 5 ) h.p., l72-^°; n ^ 
0.8952; semicarbazone, m.p. 165•5-6^• 
Trans-3-Ethyl-4-methylcyclopenteLnone 
The l a s t two f r a c t i o n s of the threo-lt^-dibromo-2-
ethyl-3-methylbutane obtained above (b.p. higher than 98^/13 
mm.) were combined and converted to the n i t r i l e i n the same 
manner aa j u s t d e s c r i b e d . A n a l y s i s by V.P.C. i n d i c a t e d t h a t 
the n i t r i l e so obtained i s a mixture of two components. L i t . 
( 1 4 ) , b.p. 126-8/2.5 mm.; n ^ 1.^5^5. 
T h i s n i t r i l e was hydrolyzed with concentrated hydro-
c h l o r i c a c i d as shown above ( r e f l u x e d f o r 4- d a y s ) . The hydro-
c h l o r i c a c i d s o l u t i o n was then t r a n s f e r r e d to a sepeu?atory 
f u n n e l and the aqueous l a y e r was separated from a s m a l l amount 
of i n s o l u b l e organic m a t e r i a l . The aqueous l a y e r was c o n t i n u -
o u s l y e x t r a c t e d with e t h e r f o r 24 hours. The et h e r s o l u t i o n 
was d r i e d and worked up as u s u a l to y i e l d 3*52 g. of crude 
a c i d . L i t . ( 1 4 ) , m.p. 65-70^ and (22) 58-70*^. 
The a c i d obtained above was heated with barium oxide 
as d e s c r i b e d e£u?lier and the product worked up as u s u a l . 
Three bands were observed i n the V.P.C. t r a c i n g of t h i s prod-
u c t , a t 7«5f 9-5 and 11 min. ( t h e s i l i c o n e column i n d i c a t e d 
above was employed a t 150^ and helium flow r a t e 150 ml. per 
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min.) These bands were c o l l e c t e d and t h e i r y i e l d s are shown i n 
Table 7-5* The r e l a t i v e l y low y i e l d obtained i s due i n p a r t a t 
l e a s t , to the f a c t t h a t the s t a r t i n g m a t e r i a l was impure and a 
s i g n i f i c a n t amount of the a c i d remained i n the d i s t i l l a t i o n 
f l a s k a f t e r the r e a c t i o n had been completed. 
The I.R. spectrum of the 9.5-min..band ( s o l u t i o n i n 
chloroform) showed c a r b o n y l a b s o r p t i o n a t 5-77 U c h a r a c t e r i s t i c 
of five-membered r i n g ketones. L i t . (14) b.p. f o r the t r a n s 
ketone, 180°; (15) 184°. 
Table 7-5 
Product D i s t r i b u t i o n i n S y n t h e s i s of 
Trans-3-ethyl-4-methylcyclopentanone 
Y i e l d 
Component (g.) Remarks 
7.5-min. band 0.27 Unknown 
9.5-min. band 0.65 Trans-5-ethyl-4-methylcyclopent£aione 
11-min. band 0.1023 I d e n t i c a l w i t h the c i s ketone 
Methyl Tran3-3-ethyl-4-methyl-
1-hydroxycyclopentylacetate 
The trans-3-ethyl-4-methylcyclopentanone obtained 
above was converted, i n the same manner as. shown e a r l i e r i n 
t h i s c h a p t e r to t r a n s - 5 - e t h y l - 4 - m e t h y l - l - h y d r o x y c y c l o p e n t y l -
a c e t a t e . The V.P.C. i n d i c a t e d t h a t a l l the ketone was t r a n s -
formed to the d e s i r e d 3-hydroacy e s t e r . Also, s m a l l amounts 
of the u n s a t u r a t e d e s t e r s were d e t e c t e d (presumably formed by 
dehydration of the hydroxy e s t e r ) . L i t . (14) f o r the e t h y l 
e s t e r , b.p. 115-7°/12 mm., n ^ 1.46. 
The crude product so obtained was dehydrated by 
phosphorus o x y c h l o r i d e and p y r i d i n e according to the 
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procediire d e s c r i b e d i n Chapter 6 to y i e l d 0.7 g. of crude \m-
s a t u r a t e d e s t e r s . The V.P.C- of t h i s product (20 f t . x 3/8 
i n . ; 10% N.P.G.S. column; temp. 138^; helium flow r a t e about 
180 ml. per min.) showed the presence of t h r e e components; 
r e t e n t i o n times are 2 9 1 3 3 a n d 37*3 min. The 29-min. band 
i s the p,Y-iinsaturated e s t e r s and the 33*3-' and 3 7.3 - J^lz^-
bands a r e the two ge o m e t r i c a l isomers, X71 and X 7 I I r e s p e c -
t i v e l y (X^^ 220, e = 13,300). 
XVI was found to be i d e n t i c a l i n a l l r e s p e c t s (N.M.R. 
s p e c t r a , compare cur v e s B and C of F i g u r e 7-3; mass s p e c t r a , 
c f . T a b l e 7-2) w i t h the 61 . 5-min- band d e r i v e d from f r a c t i o n 
I I I - 2 - A . The mass s p e c t r a of X V I I and the 66-min. band de-
r i v e d from f r a c t i o n I I I - 2 - A are i d e n t i c a l . L i t . ( 1 4 ) f o r the 
e t h y l e s t e r , b.P. 115-22*^/12 mm., n^^ 1 . ^ 5 9 -
P r e p a r a t i o n of X X I I 
A sample of 200 mg. of the mixture of the u n s a t u r a t e d 
e s t e r s o b t a i n e d above was hydrogenated i n presence of 110 mg. 
of 10% p a l l a d i u m on c h a r c o a l as a c a t a l y s t and 10 ml. of 93% 
eth a n o l as a s o l v e n t . Work-up as u s u a l a f f o r d e d 130 mg. of 
s a t i i r a t e d product. One symmetrical band was observed i n the 
V.P.Co t r a c i n g of t h i s product. The r e t e n t i o n time of t h i s 
p roduct, u s i n g two d i f f e r e n t p a r t i t i o n i n g agents ( s i l i c o n e 
and N.P.G.S.), was found to be i d e n t i c a l w i t h the r e t e n t i o n 
time o f f r a c t i o n I I I - 2 - A . T h i s r e t e n t i o n time i s 3 0 min. 
( u s i n g 10 f t . X 3/8 i n . , 20% s i l i c o n e column; temp., 152°; 
helium f l o w r a t e about 130 ml. per min.) and 32 min. ( u s i n g 
20 f t . X 5/8 i n . , N.P.G.S. column; temp. 1 3 7 ° ; helium flow 
r a t e about 180 ml. per min.). Moreover, the mass s p e c t r a of 
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the i s o l a t e d and s y n t h e t i c e s t e r s are the same. L i t . (14) f o r 
the e t h y l e s t e r , b.p. 113 - 7 °/14 mm.; n 20/D 1.4400; a c i d , b.p. 
142-3°/12 mm.; n 20/D 1.4540; amide m.p. 95-6°. 
Methyl c l s - 3 - E t h y l - 4 - m e t h y l - l -
h y d r o x y c y c l o p e n t y l a c e t a t e 
A sample of 0 . 7 g- of c i s - 3 - e t h y l - 4 - m e t h y l c y c l o p e n t a -
none was converted by the Reformatsky r e a c t i o n , according to 
the procedure d e s c r i b e d e a r l i e r i n t h i s chapter, to 1*9 g- of 
crude methyl c i s - 3 - e t h y l - 4 - m e t h y l - l - h y d r o x y c y c l o p e n t y l a c e t a t e . 
The V.P.C. of t h i s product ( s i l i c o n e column) i n d i c a t e d t h a t 
a l l the ketone had been converted to the d e s i r e d P-hydxoxy 
e s t e r . Small amounts of the p o s s i b l e iinsaturated e s t e r s were 
a l s o detected. 
Dehydration of Methyl c i s - 3 - E t h y l - 4 -
m e t h y l - l - h y d r o x y c y c l o p e n t y l a c e t a t e 
The crude product obtained above was allowed to r e a c t 
w i t h phosphorus tribromide and p y r i d i n e according to the pro-
cedure given i n Chapter 6. The product was con t i n u o u s l y ex-
t r a c t e d and worked up to y i e l d 0.67 g. of the crude u n s a t u r a t -
ed e s t e r s . The V.P.G. (20 f t . x 3/8 i n . , 10% N.P.G.S. column; 
temp,, 138°; helivun flow r a t e , 180 ml. per min.) i n d i c a t e d the 
presence of t h r e e bands of r e t e n t i o n times 36, 6 1 . 7 5 and 65-5 
min. The 36-min. band i s due to the e n d o c y c l i c unsat\irated 
e s t e r s . The 6 1 . 7 5 and the 66.5-min. bands r e p r e s e n t the two 
geome t r i c a l isomers, X V I I I and XIX, ^^g^ 220, e = 12,000. 
The N.M.R. s p e c t r a of these two bands are shown i n F i g u r e 7-6, 
Curves B and C r e s p e c t i v e l y . The mass spectrum of the 6 1 . 7 5 -
min. band i s i d e n t i c a l w i t h t h a t of the 7 0-min. band d e r i v e d 
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from f r a c t i o n I I I - 2 - A . The mass spectrtun of the 65.5-min. 
band i s g i v e n i n F i g u r e 7-8, Curve B-
P r e p a r a t l o n of X X I I I and XXIV 
A s£unple of the tmsaturated e s t e r s obtained above was 
hydrogenated i n the same manner de s c r i b e d e a r l i e r . The V.P.C. 
of the product (10 f t . x 3/8 i n . , 20% s i l i c o n e column; temp., 
156*^; helium flow r a t e , I50 ml. per min.) i n d i c a t e d t h a t t h i s 
product i s a mixture of two components, X X I I I and XXIV; r e t e n -
t i o n times were 24.5 and 28.75 min. r e s p e c t i v e l y . The 24-min. 
band was found to have the same r e t e n t i o n time as f r a c t i o n 
I I I - 2 - A , u s i n g two d i f f e r e n t p a r t i t i o n i n g agents ( s i l i c o n e 
and N.P.G.S.). The mass s p e c t r a of these compounds were found 
to be s i m i l a r . L i t . (14) f o r the amide d e r i v a t i v e , m.p. 
102-3^. 
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CHAPTER 8 
SUMMARY 
I n t e r e s t i n the o r i g i n of petroleum, as may be deduced 
from c o n s t i t u e n t s t h e r e o f , has been s t i m u l a t e d by r e c e n t r e -
p o r t s (1-3) of the i s o l a t i o n of i s o p r e n o i d hydrocarbons t h e r e -
from. Although there has appeared a proposal t h a t the c a r b -
o x y l i c a c i d s are l o g i c a l p r e c u r s o r s f o r the hydrocarbons foujad 
i n petroleum, e s s e n t i a l l y nothing ( p r i o r to the work performed 
i n these l a b o r a t o r i e s ) i s known of the s t r u c t u r e s of naphthenic 
a c i d s w ith ten or more carbon atoms ( 4 ) . Only a few normal 
isomers have been i s o l a t e d aind c h a r a c t e r i z e d . The complexity 
of the naphthenic a c i d mixture i s such t h a t sepaxation of the 
components of higher moleculax weight has not been p o s s i b l e . 
While the p r e s e n t work was i n progress, the a c y c l i c iso-
prenoid a c i d s Cj^^, Cj,^, C^^ and C2Q1 as w e l l as a monocyclic 
C^-^ i s o p r e n o i d a c i d were i s o l a t e d i n these l a b o r a t o r i e s (5,6) 
from the naphthenic a c i d mixture. The present r e p o r t i s con-
cerned p r i m a r i l y with the i s o l a t i o n and s t r u c t \ i r e d e t e r m i n a t i o n 
of the g e o m e t r i c a l isomers of a monocyclic C ^ Q a c i d which 
proves to have a nonisoprenoid-type of s t r u c t u r e . T h i s i s the 
f i r s t nonisoprenoid a c i d , except f o r the normal a c i d s , to be 
i s o l a t e d from the naphthenic a c i d s which have ten or more 
carbon atoms. Also a branched-chain C^^ a c i d of i s o p r e n o i d 
s t r u c t u r e and the normal C ^ Q - C ^ 2 a c i d s have been separated and 
i d e n t i f i e d . 
* 
Only two a c i d s w i t h t e n carbon atoms were i s o l a t e d 
p r i o r to t h i s work ( 4 ) . 
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The a c i d s used f o r t h i s i n v e s t i g a t i o n were e x t r a c t e d , 
p r i o r to c r a c k i n g , from middle d i s t i l l a t e s of San Joaquin V a l l e y 
naphthenic-type crude ( 7 ) . By sequences i n v o l v i n g f r a c t i o n a l 
d i s t i l l a t i o n , gas chromatography, urea adduction and c r y s t a l -
l i z a t i o n of s o l i d d e r i v a t i v e s , there have been i s o l a t e d 4,8-
dimethylnonanoic a c i d , the geometrical isomers, I and I I , of 
3 - e t h y l - 4 - m e t h y l c y c l o p e n t y l a c e t i c a c i d and the three normal 
a c i d s , ^10^^12* s t r u c t u r e s of these a c i d s were deduced 
l a r g e l y from a p p l i c a t i o n of p h y s i c a l methods and' e s t a b l i s h e d by 
comparison w i t h s y n t h e t i c samples. 
I I I 
The s t e i r t i i i g m a t e r i a l f o r tlie s y n t h e s i s of 4,8-dimethyl 
nonanoic a c i d was c i t r o n e l l o l w h i l e t h r e e - and e r y t h r o - 2 - e t h y l -
5 - m e t h y l s u c c i n i c a c i d s were the s t a r t i n g m a t e r i a l s f o r the syn-
t h e s i s of the g e o m e t r i c a l isomers. C i s - and t r a n s - 3 - e t h y l -4-
methylcyclopentanone were key i n t e r m e d i a t e s f o r the l a t t e r 
s y n t h e s e s . 
I n t e r e s t i n g featxxres of the mass s p e c t r a of the f o u r 
g e o m e t r i c a l isomers of methyl 3 - e t h y l - 4 - m e t h y l c y c l o p e n t y l i d e n e -
a c e t a t e were d i s c u s s e d . Of p a r t i c u l a r i n t e r e s t i n these 
s p e c t r a i s the r e l a t i v e abundance of the peaks at m/e M - 2 9 and 
M - 1 5 - The former peak i s more abundant than the l a t t e r one i n 
the s p e c t r a of the isomers which have the e t h y l group a t the 
same s i d e as the carbomethoxyl group, whereas the r e v e r s e i s 
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t r u e i n the s p e c t r a of the other isomers. 
I n connection with the s t r u c t u r e determination of the 
monocyclic C ^ Q a c i d s , the methyl e s t e r s of the f o l l o w i n g eight 
compounds were s y n t h e s i z e d and ansilyzed by mass spectroscopy: 
a- and P-campholenic, 2,2,3- and 2 , 3 , 3 - t r i m e t h y l c y c l o p e n t y l i -
d e n e a c e t i c , a-campholanic, c i s - and trans-3-campholanic and 
2 , 6 - d i m e t h y l c y c l o h e x y l a c e t i c a c i d s . 
The mass s p e c t r a of the above-mentioned compounds were 
recorded. S i g n i f i c a n t f e a t u r e s of these s p e c t r a were i n t e r -
p reted and mechanisms suggested f o r the formation of most of 
the fragments, A^noiiS "the i n t e r e s t i n g f e a t u r e s i n the mass 
s p e c t r a of the methyl e s t e r s of a- and P-campholanic a c i d s , 
the rearreuagement peak i s not the base peak although ther e are 
a t l e a s t two hydrogen atoms a t the gamma p o s i t i o n . Moreover, 
i t seems t h a t i n these p£u?ticulaj? cas e s the chairge was e q u a l l y 
d i s t r i b u t e d between the rearrangement fragment (m/e 7 4 ) and 
the hydrocarbon i o n m/e M - 7 4 . Another i n t e r e s t i n g f e a t u r e i n 
the s p e c t r a of the s a t u r a t e d e s t e r s i s the appearance of a 
f a i r l y i n t e n s e peak at m/e M - ( 7 4 + 1 5 ) which has been a t t r i b u t e d 
to the freigment obtained by l o s s of methyl and the r e a r r a n g e -
ment fragment. T h i s f e a t u r e proved to be of s i g n i f i c a n c e i n 
connection w i t h the s t r u c t u r e determination of the monocyclic 
a c i d i s o l a t e d from petroleum. Of p a r t i c u l a r i n t e r e s t i s the 
appearance of v e r y i n t e n s e peaks (base peaks) i n the s p e c t r a 
of a- and p-campholenate at m/e 108 ( M - 7 4 ) and 1 0 7 [ M - ( 7 4 + l ) ] . 
These peaks have been a t t r i b u t e d to the h i g h l y s t a b i l i z e d i o n s , 
I I I and IV. 
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An examination of a degradative procedure f o r l o c a t i o n 
of s u b s t i t u e n t s on a cyclopentane r i n g has been undertaken. 
T h i s procedure depends on i n t r o d u c t i o n of a double bond i n the 
a , p - p o s i t i o n i n a methyl e s t e r and i n v e s t i g a t i o n of the N.M.R. 
spectrum of the r e s u l t i n g u n s a t u r a t e d e s t e r s . A p p l i c a t i o n of 
t h i s method was of key importance i n determining the s t r u c t u r e s 
of the i s o m e r i c 3 - e t h y l - 4 - m e t h y l c y c l o p e n t y l a c e t i c a c i d s . 
211 
Bibliography 
(1) R. A. Dean and E. V. Whitehead, Tetrahedron L e t t e r s No. 
21, 768 (1961). 
(2) J . G. Bendoraitis, B. L. Brown and L. S. Hepner, Anal. 
Chem., 3 i , ^ 9 (1962). 
(3) J . J . Ciumiiins and W. E- Robinson, J . Chem. Eng. Data, % 
30^ (1964). 
(4) H. L. Lochte and E. R. Littman, "The Petroleum Acids and 
Bases," Chemical Publishing, New York (1955)-
(5) J- Cason and D. W. Graham, Tetrahedron, 21, 471 (1965). 
(6) J . Cason and K. L. Liauw, J . Org. Chem,, 30, 1763 (1965) 
(7) Private communication, A. H. Batchelder, C a l i f o r n i a 
Research Corporation. 
